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1.0 INTRODUCTION 
 For the past decade, the Federal Aviation Administration (FAA) has had an 
aircraft safety program associated with aircraft/wildlife conflicts.  The number of wildlife 
strikes has been increasing steadily over time, almost tripling in the last ten years (Figure 
1) (Cleary et al., 2002).  There is general agreement that the increasing number of strikes 
is related to increasing numbers of both wildlife and aircraft in the air (Figures 2 and 3) 
(Cleary et al. 1999; BTS, 2003). 
 According to the FAA about 16% of strikes result in damage, some of which can 
be serious as seen in Figures 4-7 (Cleary et al., 2002).  In the accident that caused the 
damage shown in Figure 6 (which occurred on January 8, 2003), the plane suffered 
damage and the pilot sustained serious head and face injuries.  Wildlife collision damage 
can also be expensive; a single Canada goose at JFK airport managed to disable two 
engines on a Concorde in 1995, costing over $9 million and 5 days to repair (Bird Strike 
Committee USA, 2002c).  A more recent example is a collision between a Learjet 60 and 
two deer at Troy Municipal Airport.  The aircraft ran into a ditch and burst into flames, at 
an estimated loss of $9.5 million (Bird Strike Committee USA, 2002c).  While such 
damage is not typical, it shows the seriousness of the problem. 
 In determining the risk of a strike to aircraft, the key factor is the amount of bird 
mass per volume of airspace that the plane travels through (Herricks et al., in press(a)).  
Mass per volume is a factor in two key components used in predicting collision outcome.  
The chance of a collision increases with the number of birds along the flight path, while 
the severity of the damage is related to the kinetic energy of the collision (Carter, 2001; 
Herricks et al., in press(b)).  Kinetic energy (K) is equal to mass multiplied by the square 
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of velocity (K = mv2); it increases linearly with mass, but exponentially as the velocity 
increases.  Higher kinetic energy collisions are a major determinant of damage to 
airframes.  There has been some indication that damage may be more closely related to 
impulsive force (=mv3) than kinetic energy, but this has not been fully explored yet 
(Herricks et al., in press(b)). 
 Airport managers have used several management techniques to discourage 
wildlife and reduce the risk of bird/aircraft collisions (Brown, 2001).  For example, 
wildlife managers can modify the habitat on the airport by planting or cutting trees, 
carefully siting bodies of water, covering dumpsters, or screening rafters (Cleary and 
Dolbeer, 1999).  Seasonally modifying the length of grass can also make a difference.  
One such strategy is to let the grass grow when starlings and other ground-feeders are 
abundant to discourage them from feeding, but cut it shorter when larger raptors are in 
the area to discourage mice, rabbits, and other animals that are a food source for these 
birds.  Managers also shoot (Dolbeer et al., 1993), poison, or trap wildlife, but this can be 
difficult given the protections in place for certain bird species.  Finally, wildlife 
harassment is a popular option, where loud noises (air cannons, people shooting blanks, 
tapes of predatory bird calls, or barking dogs) are used to scare away wildlife (Kuehner, 
1999; Cleary and Dolbeer, 1999). 
 However, while on-site management is important, a significant hazard exists up to 
3,000 feet above ground level (AGL) (Cleary et al., 2002).  Figure 8 shows the height 
distribution of bird strikes; note that 93% occur below 3,000 feet, and about half occur on 
or near the ground.  Radar tracking data has shown that aircraft regularly enter the 
airspace below 3,000 feet at distances from 6 to 25 miles from most airports.  For many 
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airports the area 6 nautical miles (7.1 statute miles) in any direction from the ends of the 
runways (Figure 9) should be the focus of management attention to effectively reduce 
wildlife collision hazards to aircraft, as most aircraft drop below 3,000 feet within this 
distance (Herricks et al., in press(a)).  On the other hand, given that the highest reported 
strike so far was at 37,000 feet, and the highest reported bird sighting was at 54,000 feet, 
it should be recognized that flights are never completely risk-free (Bird Strike Committee 
USA, 2002a). 
 This research focused on Dallas-Fort Worth International Airport (DFW), which 
is one of the largest US airports in total area – with seven runways between 1.6 and 2.5 
miles long.  At DFW, the 6 nautical mile boundary is too small to capture all air traffic 
below 3,000 feet.  Air traffic radar tracking data suggests that arriving jets may enter the 
high-risk airspace below 3,000 feet AGL as far out as 15 statute miles from the center of 
the airport (propeller planes enter this airspace as far out as 25 statute miles) (Figures 10 
and 11).  In an attempt to account for as much traffic as possible, data was analyzed to 25 
statute miles from the airport’s center. 
 Prior to this work, a Bird Avoidance Model (BAM) was developed by the United 
States Air Force to predict the risk of wildlife collisions with airplanes for two-week 
intervals throughout the year (Figure 12) (USAF, in press; Brown, 2001).  While it is a 
useful tool, it differs in several ways from this research, and has different applications.  It 
is discussed further in Section 2.3. 
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1.1 Technical Foundations: Geographic Information Systems 
 Geographic Information Systems (GIS) have been identified as useful tools for 
examining the wildlife hazard problem at airports since the introduction of BAM.  
Essentially a GIS provides a mechanism to visualize and analyze geographic data.  A GIS 
can include any data with a spatial reference (an x,y coordinate), such as topographic 
maps, aerial photographs, or hydrologic data.  Each file in the GIS (known as a “theme”) 
can also have a table of information that allows the theme to be viewed and analyzed in 
different ways.  For example, consider a soil map that had information on specific soil 
types, general soil classes, and moisture of each soil.  The map could be displayed with 
each soil type having its own color, or instead it could be grouped by soil class or 
moisture type, allowing quick visual evaluations of complex tabular data.  For a more 
detailed description of GIS characteristics and capabilities, see “Developing a geographic 
information system to reduce conflicts between wildlife and aircraft” (Brown, 2001). 
 Identifying landscape features such as water, landfills, or forested areas that 
attract wildlife is an ideal application of a GIS.  The GIS analysis can relate wildlife 
species to location providing an initial hazard estimate.  The GIS also allows a variety of 
options for spatial analysis; wildlife data can be combined with the landscape information 
to show how the wildlife hazard changes in time and space. 
  
1.2 Dallas-Fort Worth International Airport 
 DFW is the second largest airport (after Denver International Airport) and the 
third busiest airport in the U.S. (after O’Hare and Atlanta), covering over 18,000 acres 
(GeoMarine, Inc., 1999).  It has recorded 1,318 wildlife collisions between November 
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1987 and July 2002.  DFW also provides excellent wildlife habitat; the grounds include 
ponds, streams, forest, grassland (both mowed and natural), and shrubland.  Even the 
urban portions of the airport provide valuable roosting habitat in parking garages, 
roadside trees, and buildings.  The airport also has a variety of nearby land uses, such as 
urban areas, several lakes, agricultural land, and a golf course.  While DFW employs a 
full-time wildlife biologist, wildlife management on such a large, diverse, attractive 
habitat is a difficult job indeed.  DFW was chosen as a site for this research both because 
of its size and complexity and because a wildlife management program already exists 
there to support the development of this research (Brown, 2001). 
 Traffic on the airport flows either north or south, depending on the prevailing 
wind; aircraft typically arrive and depart into the wind (DFW International Airport, 
1996).  A north flow means planes arrive from the south and depart to the north, a south 
flow means the reverse.  The runway names also depend on the direction of traffic; the 
same runway is called 36L for northbound traffic and 18R for southbound traffic (Figure 
13).  However, since most analysis done in this research did not separate out the direction 
of traffic the runways are referred to in a combined designation (e.g. 18R/36L).  
Annually, DFW operates about 75% of the year in south flow and 25% in north flow 
(DFW International Airport, 1996). 
 
1.3 Research Objectives 
 The objective of this research was to characterize the wildlife hazards to aircraft 
at Dallas/Fort Worth International Airport (DFW) using Geographic Information Systems 
(GIS) technology, and to use the techniques developed to improve wildlife management 
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at the airport.  It was initiated by the University of Illinois Center of Excellence (COE) in 
support of efforts by the Federal Aviation Administration (FAA) to reduce the wildlife 
hazard to aircraft (Herricks et al., in press(a)). 
 To meet this objective, research activities were organized into three basic 
categories: a predictive approach to wildlife hazard assessment, an analytical approach, 
and a real-time assessment.  The predictive approach integrated GIS land cover data with 
information on how wildlife species use these features and how common they are 
throughout the year.  In this manner, an estimate of how many birds can be expected at a 
given time and place can be generated, supporting a risk assessment.  The descriptive 
approach analyzes records of wildlife strikes and wildlife sightings at DFW.  From this 
data, actual patterns of the wildlife hazard over space and time were assessed.  Finally, 
the real-time approach focused on developing tools to support the deployment of a radar 
designed to recognize birds and provide a real-time (or near real-time) warning of 
collision hazard. 
 In each chapter, a general description of applicable GIS methods is provided.  
More detailed GIS methodology is provided in Appendix A.  The compact disc included 
with this document contains several animations referenced in the text; it also contains 
Appendix B, which is the DFW autecology matrix based on analysis of common birds of 
North Central Texas as described in Section 3.2.  
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2.0 PRELIMINARY WORK AND DATA SOURCES 
 The first step in this project was assembling data from several sources to serve as 
a foundation for future analysis.  This included a variety of GIS datasets, estimates of 
bird abundance, records of wildlife strikes and sightings at DFW airport, and a year-long 
survey of the wildlife present at DFW. 
  
2.1 GIS Data 
 The process of collecting the GIS data was begun in 1998 by Brent Brown, a 
previous student who worked on this project (Brown, 2001).  He was able to find a 
variety of data, from streams and lakes to aerial photographs (Figures 9 and 14).  The 
color variation in the aerial photographs is caused by the pictures being taken at different 
times.  Once his work was completed, several data layers were added (see Table 1 for a 
complete listing of data collected and their sources) and created (Table 2) as part of the 
current phase of the project.  For pictures of some of the data layers used, see Figure 9 
and Figures 14 through 19.  Figure 20 shows the grid system that DFW uses to signify 
location in their wildlife reports.  The grid system consists of grids 1,000 feet on each 
side that are labeled from A1 in the northwest corner to RR53 in the southeast corner.  
Each grid is further subdivided into 16 subgrids (Figure 21), although in practice these 
subdivisions are rarely used. 
 
2.2 Gap Analysis Program 
 One of the most important types of data collected in GIS was the land cover data 
(Figures 15 and 16).  This data came from the U.S. Geological Survey Gap Analysis 
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Program (GAP), which seeks to identify gaps between land areas that are rich in 
biodiversity and areas that are managed for conservation (NGAP, 2002).  The GAP 
program is an umbrella program for a series of independent statewide efforts.  In Texas 
the land cover classification was done in one hectare (100 meter by 100 meter) pixels 
from satellite imagery.  This pixel size at times limits the ability to resolve details of the 
landscape in the GIS, as is apparent when looking at the data in a 5-mile radius (Figure 
15).  However, at the 25-mile radius scale, which is the scale of analysis used for this 
model, the pixel size is less important (Figure 16).  Aerial photographs (Figure 9) can be 
an essential tool in identifying specific features shown in the GAP maps, and serve as a 
way to verify the accuracy of the data. 
 The GAP classifications are based on the guide developed by Weakley et al. 
(1998), which was designed to hierarchically capture variations from the broad ecosystem 
level to the extremely precise plant association level.  As a result, the habitat 
classifications used by the Texas GAP tend to be more specific (such as “Round-
Crowned Temperate or Subpolar Needle-Leaved Evergreen Woodland”) than the ones 
used in most bird literature.  Furthermore, given that the classifications are based on 
satellite imagery, such designations may be artificially precise (as ground-based 
examinations of vegetation on the airport have shown). 
 Given these concerns, the GAP data was modified into more general categories 
for generating the autecology matrix described in section 3.2, and simplified even further 
for display purposes (Table 3).  Also, rather than using the GAP’s names for each habitat, 
slightly less specific (but more intuitive and inclusive) names were used to describe and 
display the data here.  The original names are in the “Gap Classification” column of 
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Table 3, the classes used for most analysis is in the “MatrixClass” column (which 
represents the most precise classifications that match the habitat information for birds), 
and for simplified display the values of the “DisplayClass” column were used.  Figures 
15 and 16 use the “lumped” legend, and the distinction is shown in Figure 22. 
  For example, “Medium-Tall Bunch Temperate or Subpolar Grassland” and 
“Short Sod Temperate or Subpolar Grassland” were analyzed differently because some 
birds distinguish between them, but lumped into the basic category of “Grassland” for 
display (Table 3).  In the area around the runways at DFW, the GAP data classified 
mowed grass as medium-tall wet prairie; it is unknown how well it distinguished between 
grass types in other areas.   
While the state of Texas has a wide range of habitat types, the only ones present 
within 25 miles of the airport according to the GAP data are: lakes/ponds, agricultural 
fields, urban areas, dry prairie, wet prairie, dry/very dry shrubland, deciduous woodland, 
temporarily flooded deciduous woodland, evergreen woodland, and evergreen forest.  In 
order to make the map of the habitats more clear, the two types of prairie were lumped 
together, as were the two types of deciduous woodland.  Evergreen forest and evergreen 
woodland are distinct habitat types; the difference is that a woodland has less canopy 
coverage, and lower tree density than a forest.  Finally, categories such as “agricultural” 
and “urban” can mean many things.  More specific categories are not available from the 
GAP data, so they are treated as broad heterogeneous categories. 
 The GAP data is ideal for examining large-scale land cover and habitat patterns, 
since the data exists for the entire state.  However, it is not as useful when applied at a 
smaller scale, such as the airport area.  For one thing, the satellite imagery that the data 
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was generated from was taken in 1993, and there has been significant change on and 
around the airport in the last ten years.  There is now much less cropland around the 
airport than there was then; the airport management stopped leasing the land out for row 
crops and now leases it for grazing instead (Kuehner, 1999).  There are also some areas 
that were classified incorrectly on the airport, such as several areas identified as 
evergreen woodland or forest which are actually either deciduous woodland, grassland, or 
pavement. 
 As a result, it was desirable to have a more accurate land cover layer for the 
airport itself to aid in the analysis.  To facilitate the creation of such a layer a ground-
based survey of the airport was performed in July of 2002 as part of this project.  The 
only airphotos available before conducting the survey were out of date and fairly low-
resolution (Figure 14), so it was hard to identify which areas might be ambiguous on 
better airphotos (Figures 23 and 24).  As a result, points were sampled throughout most 
of the natural areas on the airport (Figure 25). 
 At each point, a GPS reading and digital photographs were taken (Figure 26, 
Animation 1), and notes were recorded about the habitat type and vegetation.  The GPS 
locations and digital photos were incorporated into the GIS to make it easier to compare 
the aerial photographs with the close-ups on the ground.  The goal was to use a 
combination of high-resolution aerial photographs (Figure 24), soil data (Figure 18), and 
ground-based photographs to develop a more accurate habitat classification for DFW.  
The completed development of a new habitat classification scheme is ongoing, but 
observations made during visits to DFW contribute to various aspects of this research.   
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2.3 Bird Avoidance Model 
 Another useful GIS layer is the Bird Avoidance Model (BAM), which analyzed 
bird abundance databases and the U.S. Air Force’s strike database to calculate predicted 
relative risk of a wildlife collision for two-week intervals throughout the year (Figure 12, 
Table 4, Animation 2).  It uses pixels of one square kilometer which are interpolated 
between known geographic points (USAF, in press; Brown, 2001).  Originally the BAM 
was designed for low-flying military aircraft, but it was later adapted to work for civilian 
routes as well (Michel Hovan, personal communication, 2001).  The legend used by the 
BAM (Figures 12 and 27) uses nine levels of risk: three each of green, yellow, and red 
(darker shades of color represent a greater risk).  The BAM color scheme was used in this 
research as well. 
 Similar to the GAP, the BAM is designed to operate at a large scale (Herricks and 
Schaeffer, in press).  However, the model is not designed for use at the local scale (Figure 
27), and apparent patterns at this scale may be misleading since they are interpolated 
between a few known points, rather than based on habitat characteristics (USAF, in 
press).  Nonetheless, it is certainly useful as a supplement to this research, since it is 
capable of larger-scale hazard assessment than was performed here.  
 
2.4 Wildlife Data 
 For certain aspects of this research, it was important to have an estimate of the 
abundance of each bird species.  Three sources of data on abundance are described: the 
Christmas Bird Count, the Breeding Bird Survey, and The Birds of North Central Texas 
(Pulich, 1988). 
 12 
2.4.1 Christmas Bird Count 
 For this research, the main source of abundance data was the Christmas Bird 
Count (CBC).  The National Audubon Society has performed a CBC every December 
since 1900, in which large numbers of participants identify and count every bird they see 
on a given date.  They keep track not only of how many birds are spotted, but of birds 
seen per observer hour as well.  The latter was used here, as this allowed data obtained 
from different years (which in turn can have vastly different numbers of observers) to be 
combined and compared. 
 One of the CBC sites in is Dallas, so it applied well to the study area.  CBC sites 
at Dallas, Fort Worth, and Lewisville have plenty of historical data, and the site at Village 
Creek Drying Beds (which is very close to the airport) has three years of data.  While 
each station has different results they could be combined if an appropriate weighting 
scheme was worked out, but for simplicity only the Dallas site was used here.  Only the 
15 most recent years of data from the CBC were used (Dec. 1984 - Dec. 2000), both 
because older surveys were not conducted as well (in part due to much smaller numbers 
of participants), and because bird patterns change over time.  Incorporating older data is 
likely to decrease the relevance of the abundance data to the present time. 
 In some cases, large numbers of birds in the CBC data were not identified to 
species.  For example, an average of 7,195 “blackbirds” is counted each year without the 
specific species being identified, as compared to the 5,490 blackbirds that are fully 
identified annually.  Since different blackbird species can use different habitats, it is 
difficult to handle these cases.  The approach used here to avoid excluding these birds 
was to distribute the unidentified birds among the identified species in the same 
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proportion as has already been observed in the data.  For example, 11.2% of the gulls 
identified to species were Bonaparte’s gulls, so 11.2% of the unidentified “gull species” 
were counted as Bonaparte’s gulls.  As described in Section 3.2, analysis was first 
performed with these birds excluded, and then the data was reanalyzed after distributing 
the unknown birds to known species (in order to assess the importance of this correction). 
 
2.4.2 Breeding Bird Surveys 
 Another potential source of data for bird occurrence is the Breeding Bird Surveys 
(BBS).  The BBS is a long-term, large-scale, international avian monitoring program 
initiated in 1966 to track the status and trends of North American bird populations 
(USGS, 2001).  It is jointly run by the United States Geological Survey (USGS), 
Canadian Wildlife Service (CWS), and National Wildlife Research Center (NWRC).  The 
BBS is conducted each year at the height of the avian breeding season (usually June), and 
each 24.5-mile roadside survey route consists of fifty three-minute point counts (all birds 
seen or heard within a 0.25 mile radius are counted).  While the CBC was exclusively 
used for the sake of simplicity, the BBS could be useful for incorporation into future 
research. 
 
2.4.3 The Bird Life of North Central Texas 
 The third source of information on bird abundance is The Bird Life of North 
Central Texas (Pulich, 1988).  This book provides qualitative descriptions of abundance 
(abundant, common, fairly common, uncommon, rare, casual, and accidental), which 
could be used to verify data from the CBC and BBS. 
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 While using only the CBC (instead of supplementing it with BBS data and 
information from The Birds of North Central Texas) limited analysis to the second half of 
December, the goal was to evaluate the basic approach rather than to generate an actual 
predictive tool.  If the latter was desired, then BBS, CBC, and information from Pulich 
(1988) could be combined to get reasonable estimates of abundance throughout the year.   
 
2.5 Strike Reports 
 Another key data source was the strike records kept by both DFW and the FAA.  
Every time there is a bird-aircraft collision the pilot is encouraged to report it; recording 
information such as date, time, elevation, location, bird species, number of birds struck, 
weather, damage to the plane, etc.  The data kept by DFW and the FAA were merged and 
the redundancy eliminated.  In some instances one source had a record the other lacked 
entirely, in others each source had complementary information about a single record.  
Once merged, there were a total of 1,318 unique strike records at DFW from November 
1987 to July 2002. 
 In practice, only the past few years reveal fairly rigorous reporting.  It is estimated 
that 75-80% of bird strikes to civil aircraft go unreported in the United States (Bird Strike 
Committee USA, 2002b; Linnell et al., 1999).  The strike data often lacks a specific 
location (most records identify the runway of the strike rather than the grid number) and 
species information (922 of the records have “unknown” as the wildlife species).  In fact, 
299 records had either no location at all, or a location that does not exist.  This meant that 
only 1,019 records could be analyzed in the GIS, 115 of which denoted location 
according to the airport grid system described in Section 2.1.  Finally, because there were 
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relatively few total records, it was not feasible to analyze the data by subcategories such 
as month, year, species, etc. 
 
2.6 Wildlife Patrol Reports 
 In addition to keeping records of strikes, DFW also records wildlife sightings by 
their operations personnel.  Whenever wildlife is sighted on the airport, a patrol report is 
filed.  Most commonly these reports are generated as part of a patrol specifically looking 
for wildlife hazards on the airfield operating area (AOA).  As such, they are intended to 
be a description of the daily wildlife management activities rather than an unbiased 
sampling of the wildlife population.  Like the strike reports, patrol reports contain 
information on time, location, weather, and a description of the wildlife.  They also 
mention whether or not the wildlife was dispersed, and if so how (e.g. noisemakers, live 
ammunition, etc.).  Wildlife patrol reports were available from January 1999 to 
December 2001.  In this time period, 10,286 wildlife records were noted, totaling over 
one million birds. 
 These reports are created by the operations personnel (who have varying expertise 
in with wildlife identification) as they drive around the AOA.  As such, these records are 
more of a log of wildlife management activity than a scientific survey of the wildlife 
population on the airport.  Three major aspects of this dataset to consider with regard to 
the wildlife analysis are accuracy, precision, and sampling bias.  The first two come from 
the fact that non-biologists are identifying the birds; identification is usually to a general 
category such as “blackbird” rather than species and some of the identifications are 
clearly incorrect.  The sampling bias arises since certain areas are sampled frequently, 
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others occasionally, and others not at all.  While the data is still extremely useful (in part 
because there are so many records), these limitations guided the analysis and 
interpretation of the patrol reports. 
 There were also some problems related to how data was recorded.  Figure 28 
shows that locations were not always recorded using the grid system (requiring a lot of 
work to make the data usable), and that the sheets can be hard to read.  Another data sheet 
shows that at times imprecise descriptions are used, such as “the usual” or “misc” for 
wildlife species (Figure 29).  Problems have also occurred with times being recorded as a 
wide range (e.g. 0800 – 1600), birds being listed that do not occur in Texas, fields being 
left blank, and more. 
 Due to these issues, many of the 10,286 records were unsuitable for incorporation 
into the GIS.  For example, 1,923 records lacked location information, which meant that 
they could not be plotted geographically.  The other records not added to the GIS were 
the ones that listed “none” as the species.  Although these records are useful as an 
indication that no birds were present at a given place and time, since the other records 
indicate wildlife presence they were separated out.  There were 2,116 of these records 
with no birds present, and 3,403 records that lacked either a grid or wildlife presence or 
both. So, only 6,883 of the wildlife patrol report records were actually analyzed in the 
GIS. 
 A final issue of concern when working with both the strike data and patrol report 
data was that DFW changed their grid system in June 2000; in the new system the old 
grid values were two letters and one number higher (e.g. S38 became U39).  However, 
while the system officially changed in June, each person recording the data switched over 
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to the new system at a different time, and some people went back and forth between new 
and old.  An effort was made to ensure that all grids were either transformed or not as 
appropriate. 
 
2.7 Wildlife Management Quarterly Survey 
 The third source of data about wildlife occurrence on the airport was a quarterly 
survey carried out over the course of a year (December 1997 to November 1998) by 
Geomarine, Inc., yielding 1,300 records.  This survey was designed to provide an 
accurate accounting of the wildlife throughout the airport area for use as a tool in 
deciding how to best manage the wildlife.  Although both this data and the patrol reports 
record live wildlife sightings, due to the way the data is collected they are fundamentally 
different sources.  In contrast to the wildlife reports, this survey was done by trained 
biologists, and covered most areas of the airport, rather than just the runways.  This 
dataset is also fairly unique in that it lists the birds’ height above ground level. 
 
2.8 Use of Personal Digital Assistants to Improve Data Collection Methods 
 One useful result of the research is that several problems with the data collection 
scheme at DFW have been identified.  The use of Personal Digital Assistants (PDAs), 
commonly known as palm pilots, has been identified as a potential solution to these 
problems.  They offer several advantages over paper recording, perhaps the most 
important of which is eliminating the need for manual data entry from the field sheet into 
a computer.  Prior to this research, DFW had not digitized any of their wildlife records 
due to a lack of resources; entering them all into the computer took several months to 
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complete.  By using a computerized system, moving the data into a database would be 
automatic. 
 Another advantage of these systems is that they can be designed in such a way as 
to encourage better accuracy.  For example, a “timestamp” button guarantees that an 
accurate date and time will accompany each record, and it is much faster and easier to use 
than checking the time and writing it down.  Drop-down menus can also be created which 
list only the species known to occur at DFW (Figure 30).  This will discourage the 
wildlife personnel collecting data from reporting species that do not occur in the area 
(such as nightingales, which were frequently reported).  It also prevents spelling errors, 
which can cause problems in data analysis.  Furthermore, since many personnel seemed 
to have trouble with wildlife identification, pictures of each species could be incorporated 
into the form as an aid. 
 The last key advantage of PDAs is the potential for integration with Global 
Positioning System (GPS) technology.  Many of the problems with analysis of wildlife 
data had to do with the location of the wildlife being absent or vague.  Even the best data 
only placed wildlife somewhere within a 23-acre grid; having the capability to record 
more precise location data would be helpful.  Given that DFW is free of overhead 
obstructions like tall buildings or a forest canopy that would significantly interfere with 
the satellites, GPS signals tend to be locked onto rather quickly there.  Since there are 
compact-flash based GPS units that work with PDAs, and the database software 
evaluated can store GPS data directly into a table, it would be quick and easy to get a 
precise location for every wildlife record, which could then be recoded into a grid 
location if desired. 
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 The unit evaluated was a Toshiba e740 Pocket PC; a pocket PC was chosen rather 
than a Palm system because of the ease of compatibility with Windows and commonly 
used Microsoft software.  It was equipped with a Pharos i-GPS CF GPS unit, a 256MB 
secure digital card (for storing large map files), an extended-life battery for field use, 
external “armor” (that both allows the PDA to be used in rain and protects it from 
physical damage), and Visual CE software to create the data entry form.  Although the 
total cost of this unit with all the accessories was $1,470, it is feasible for DFW to 
purchase something sufficient for their needs for as little as $500, and up to $965 for a 
unit that includes some useful options. 
 A form was created using Visual CE as a starting point for something that DFW 
could develop.  The basic form is shown in Figures 31 and 32.  Animation 3 shows the 
form being used, and Figures 33 and 34 show what a completed form might look like.  
Note that this prototype form uses a manual entry of the grid rather than storing GPS 
data, since Visual CE started supporting GPS after the form was developed.  However, it 
is extremely easy to use, and simply requires the touch of an onscreen button to store the 
location. 
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3.0 A PREDICTIVE APPROACH TO WILDLIFE HAZARD 
ASSESSMENT 
3.1 Introduction 
 The predictive approach integrated GIS land cover data from the Texas GAP, 
information on how wildlife species use the different habitat types (described below), and 
Christmas Bird Count abundance data to provide the foundation for a risk assessment.  
This approach began with the development of an “autecology matrix,” which is a 
database that relates the life history and habitat needs of wildlife to the environment.  The 
idea behind an autecology matrix is to collect information on various ecological 
descriptors such as breeding, how common the birds are at a given place and time, when 
they occur, their mass, and habitat preferences.  This information was combined with 
abundance data from the Christmas Bird Count and the GAP data to get an estimate of 
how many birds (and how much total mass) could be expected to occur over various 
areas in late December. 
 Mass is an important consideration in evaluating the hazard wildlife poses to an 
aircraft, since a flock of small birds (e.g. European starlings) may cause as much damage 
as a few large ones (e.g. Canada geese).  Ideally, a bird hazard model should be able to 
predict bird mass per volume of air, which can then be transformed into an estimate of 
risk. 
 From the autecology matrix and GAP information, a model was developed that 
predicted relative strike hazard for several different flight paths.  This model used a 
simple linear programming approach to determine the safest route between the airport 
and one of several potential endpoints.  This model is not intended to be used year-round, 
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nor is it intended to imply that radical flight path alterations are a solution to alleviating 
bird strikes.  Rather, it serves as an example of how a smaller-scale, site-specific version 
of the BAM could be developed and utilized. 
 
3.2 Methods 
 The autecology matrix was built by collecting information about the bird species 
that occur in North Central Texas.  First, information from multiple sources was 
combined to provide a listing of what species to expect in the area.  The starting point for 
this information was data commonly available in guide books (Peterson, 1980; Stokes 
and Stokes, 1996; Oberholser, 1974; Pulich, 1988). 
The books by Peterson (1980) and Stokes and Stokes (1996) are very general field 
guides, and were mainly used to identify general habitat preferences.  A general approach 
was used as a starting point because of the utility of widely available information, 
particularly where good regional or local information is lacking.  Since guidebooks 
provide simple and generally standard habitat descriptions, such descriptions are well 
suited for integration with other data sources (such as the GAP, described above).  The 
books by Oberholser (1974) and Pulich (1988) (which describe the bird of Texas and 
North Central Texas respectively) were used to verify and supplement the general habitat 
info.  Pulich was also used to get estimates of the expected dates of occurrence for bird 
species in the DFW area (mainly Dallas and Tarrant counties), as well as an estimate of 
how common each species is. 
Once each species had information on abundance, the original list of 502 birds 
that may occur in Texas was narrowed down to 198 birds that are at least fairly common 
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in the DFW area at some time of the year.  It should also be noted that the management at 
DFW has identified 42 of these species to be management concern, but that the other 
species are still being considered in development of the model. 
 Once the DFW list had been established, more extensive data collection was 
performed.  First of all, the dates each species could be expected to occur in the DFW 
area were added.  Information on mass was collected from the CRC Handbook of Avian 
Body Masses (Dunning, 1993).    Finally, the habitat descriptions from the four books 
mentioned above were first transformed into standardized categories, then into the 
categories used by the GAP (to allow GIS analysis).  This means that for each species, 
the areas where they will likely occur can be plotted in GIS (Figures 35 and 36) The 
complete autecology matrix can be found in Appendix B, and Table 5 lists the fields 
included in the matrix. 
 Since guidebooks cannot be expected to provide detailed information on bird 
populations, additional data from the Christmas Bird Count (CBC) was incorporated into 
the database.  As mentioned in Section 2.4.1, the number of birds seen per observational 
hour was used.  While these numbers do not provide actual bird densities (e.g. 20 birds 
per square mile) they do provide relative abundance.  The abundance data was then 
combined with information from the autecology matrix to provide an estimate of how the 
birds would be distributed over the landscape. 
The following assumptions were made in performing the calculations used as the 
foundation for determining the hazard of each habitat type.  First, it is assumed that the 
birds are equally distributed above all of the habitats that they utilize, and that they will 
not occur above other habitats.  In other words, it assumes that they have no preference 
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among their various habitats, and that they never fly over unsuitable habitat while moving 
between patches.  Although this is not a correct assumption, it is a very difficult problem 
to get at given the limited data that exists on the subject.  Furthermore, it is possible that 
the second assumption will not have much impact, since if it is incorrect all species may 
violate it equally (so that it would balance out).  Another assumption was that the birds 
were equally distributed in height for the zone from 0 to 3,000 feet AGL.  Finally, due to 
a lack of data on what times of day different bird species are active, the results here are 
predictors of aggregate abundance/hazard for the entire day, rather than a predictor of 
abundance/hazard at a given time. 
To generate the estimates of abundance and hazard used for each habitat type the 
following process was used.  First, for each species “number of birds seen per 
observational hour” was divided by the number of habitats used by that species, reflecting 
the assumption that each species utilizes all of their habitat types equally.  The data was 
then sorted by habitat type; for each habitat the sum of this value (abundance divided by 
number of habitats) for all species that use it was calculated.  This is then an estimate of 
how many total birds could be expected to occur on that habitat type.  To calculate 
“hazard” of each habitat the same process was used, but abundance for each species was 
replaced by abundance times the mean mass of that species. 
 In order to display the abundance and hazard of the area surrounding DFW, the 
GAP data was used with a modified color scheme.  For these maps, habitat types were 
not lumped together as the original GAP maps were (Figures 15 and 16) because some of 
the specific sub-classifications had noticeable differences.  The habitat types used instead 
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are the ones listed under “MatrixClass” in Table 3; these classifications were as precise as 
possible given the fact that different data sources were being combined. 
 The color schemes on each map were standardized to use the full spectrum (which 
allows fine distinctions to be seen).  The color ranges from hue = 0 (red) to hue = 200 
(purple) – as shown on the color bar in Figure 37 – with Saturation and Value set to 255.  
The data was standardized so that the habitat with the least birds (or mass of birds, 
depending on which was being mapped) was purple, and the habitat with the most birds 
(or mass) was red.  For example, when the abundance values ranged from 1.98 to 44.77 
(again, higher numbers indicate greater hazard), the equation used to calculate the hue 
was: 
)98.177.44(
)77.44(*200
−
− Abundance  
 This yields a value of 0 for the highest hazard and 200 for the lowest hazard.    
The color bar shown in Figure 37 and Figures 38 through 41 simply shows approximate 
numerical hue values corresponding to each color, while the legend indicates which color 
(and thus what hazard) refers to each habitat.  Without standardizing the display in this 
fashion, the extreme values make the intermediate ones look identical. 
 Once there was an estimate of bird abundance, the next step was to look at the 
flight paths.  In order to predict hazard to a specific aircraft, the flight path of that aircraft 
will be traveling along, as well as the date and time, must be known.  Information on 
typical flight paths at DFW were supplied by Hank Hsing, who drew paths on two of the 
runways for the approach and descent for two types of planes (a two-engine and a four-
engine).  These flight paths have been labeled 2-Engine N, 2-Engine S, 4-Engine N, and 
4-Engine S, with “N” and “S” referring to whether the path is north or south of the airport 
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(Figure 42).  The 4-engine paths appear to be a single path since they are both based on 
the same runway, but there are in fact two overlapping paths.  These paths were only 
drawn to an elevation of 1,500 feet AGL, rather than 3,000 feet as preferred, but more 
complete paths could be used in the same fashion.  The flight paths were overlain with 
the hazard maps generated as above in the GIS, allowing a visual evaluation of hazard for 
each path to be made. 
 In order to determine the lengths of each habitat type in the four flight paths, the 
ArcView Avenue script “PolylineTheme.CalculateLength” written by Oscar Gomez was 
used.  This script calculated the length of each segment in ArcView, and the results were 
then tabulated and summarized in Excel.  Finally, the total hazard was calculated by 
multiplying the length of each habitat type encountered on the flight path by the 
abundance and hazard estimates for each habitat type (in terms of Abundance/Observer 
Hour and Mass*Abundance/Observer Hour, respectively). 
 Once this procedure was working, it became possible to look at the optimization 
problem of finding the least hazardous path between two points.  A network was 
constructed consisting of 24 nodes, placed in the 8 compass directions (north, northeast, 
east, southeast, south, southwest, west, and northwest) at 5, 15, and 25 miles from the 
center of the airport.  They were labeled as shown in Figure 43.  These nodes were 
connected by a network of 56 arcs (labeled as shown in Figure 44).  The arcs were placed 
such that movement was allowed to a node that was straight ahead, or one node to the 
right or left from the source node.  For example, if a plane moved from node 0 to node 1, 
it could then move to node 9, 10, or 16.  The network was constructed in this fashion in 
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an effort to disallow extremely sharp turns that a plane could never actually make, while 
still allowing some course flexibility. 
 Even in this network the turns are arguably unreasonably sharp, but the only way 
to avoid this is to drastically increase the number of arcs and nodes, which then requires 
more data collection and analysis.  A single point was used as the airport center, rather 
than basing it off of the end of different runways that each direction would have to use.  
While such details are certainly important in a final product, this model was merely 
intended as a proof of concept. 
 Since the network was drawn by hand in ArcView, there was naturally some error 
in the lengths drawn.  In other words, arcs 1 through 8 should have all been exactly five 
miles long, but varied from 4.96 to 5.07 miles long.  To correct this, the intended length 
of all arcs was calculated using the Law of Sines and the Law of Cosines given the 
known lengths of the arcs along a straight line between the outermost points and the 
center, and a known angle of 45 degrees between the central “spokes”.  The ratio of the 
intended length of each arc to its actual length was then calculated.  Finally, the length 
data for each arc (which consists of roughly 50-225 sub-lengths, one for each time the 
habitat changes along the path) was multiplied by this ratio, which standardized the total 
length of all arcs to their intended value.  These correction values ranged from 0.975 to 
1.028.  Although this correction is not the same as actually drawing the figure perfectly, it 
was a good alternative given the limitations imposed by the procedure. 
 After this correction was made, all 56 arcs had estimates of relative hazard along 
that arc.  Eight “least hazardous path” optimization problems were then set up (one from 
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the center to each of the outermost points, i.e. node 0 to nodes 17-24) and solved using 
Excel as follows: 
Minimize ∑
i
ii X*R  
Subject to: 
iji
i
Z*X∑  = 1 for node 0 
∑∑
=
24
1
iji
i
Y*X
j
- ∑∑
=
24
1
iji
i
Z*X
j
= 0  
The above statement applies to all nodes from 1-24 except for the one that is the ending 
point for the specific problem being solved, which is under the constraint: 
∑
i
iji Y*X = 1, for terminal node j 
i is the arc number, j is the node number 
Ri is the relative hazard of arc i 
Xi is 1 if arc i is chosen, 0 if it is not 
Yij is 1 if arc i is an input to node j, 0 if it is not. 
Zij is 1 if arc i is an output from node j, 0 if it is not. 
 
3.3 Results and Discussion 
 It is interesting to note that in before the correction was made to include the birds 
not specifically identified, irrigated cropland and urban areas were the most favorable 
habitat types in terms of number of birds present (Figure 38).  However, once mass was 
added water was by far the most hazardous habitat, followed by urban areas, with other 
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habitats being much less hazardous (Figure 39).  The numerical results of the analysis 
that were used to generate these maps can be found in Table 6. 
 After the correction was made to account for the loosely classified birds as 
described in Section 2.4.1 (with blackbirds comprising the most significant change), the 
relative bird abundance on each habitat changed fairly significantly, although the order of 
the habitats from most to least hazardous was essentially unchanged (Figure 40, Table 7).  
The figure shows that cropland increased in abundance disproportionally to the other 
habitats, followed by grassland and urban areas.  Unlike the abundance maps, the hazard 
map based on bird mass is essentially the same as it was before the corrections (Figure 
41).  The reason is that although the abundance of water birds increased less than that of 
birds that use other habitats, the larger mass of the water birds relative to the others 
balanced the lesser abundance increase.  All habitats increased in hazard (since more 
birds were included), and water, cropland, and urban areas showed the largest increases.  
However, once the data was standardized for display on the map the values came up 
virtually identical to what they were before.  Table 7 has the data used to generate these 
maps. 
 The results of the calculations to determine the length of each habitat type along 
the flight paths are found in Table 8.  Note that the most common habitat along the flight 
paths is urban areas, followed by grassland and cropland.  Combining the length 
calculations with the hazard information calculated earlier yields the final hazard 
analysis, as shown in Table 9.  The combination of the revised mass-based hazard map 
with the 4 flight paths yields Figure 45, which uses the same color scale as the other 
hazard maps.  Although the colors are difficult to see due to the narrowness of the flight 
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path lines, the lines were left at this thickness for display to reflect that the actual width of 
the flight path was not considered.  It is apparent from Figure 45 and Table 9 that the 
most hazardous path is for 2-Engine S.  This is the only path with any water (the most 
hazardous habitat, shown in red), and has much more urban habitat (the second most 
hazardous habitat, shown in green) than any of the other paths.  However, beyond this it 
is difficult to get much information from the diagram. 
 It should be expected that the network of arcs developed for the least hazardous 
path optimization problem shows more heterogeneity than the four sample flight paths.  
This can be seen in Figure 46, which shows the relative hazard of each of the arcs (again, 
using the same scale as the other hazard diagrams, where red represents the most hazard, 
and purple the least).  When the hazard of arcs of identical length throughout the diagram 
was compared numerically (rather than relying on visual assessments), the heterogeneity 
was confirmed.  The ratio of maximum hazard to minimum hazard for arcs of a given 
segment length varied from 1.26 to 2.82.  This was determined before actually carrying 
out the optimization problem because if the hazard was relatively homogenous 
throughout the arcs than the least hazardous path would just be the shortest path. 
 However, the actual results from the optimization show that the shortest path 
(traveling directly from the airport to the final node without any course corrections) was 
only chosen for final nodes 19 and 21 (see Table 10).  In one case (node 17), the least 
hazardous path was actually the longest.  The average length of the optimal path was 
28.82 miles (compared to the 25 mile shortest path), but for node 17 it was 34.88 miles (a 
substantial increase). 
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 To get a sense of whether or not the reduction in hazard might be worth the 
additional trip length (which carries with it higher fuel costs, customer delays, etc.), the 
average hazard reduction from using the optimal path rather than the shortest path was 
calculated.  The average hazard reduction was 15,323,947 (remember that these are 
arbitrary relative hazard units), which is 6.5% of the average hazard of the shortest path.  
To decide whether or not this is a sufficient reduction to merit making changes would 
require a more detailed cost-benefit analysis (looking at the cost of a strike as opposed to 
the cost of making the changes), as well as examining the results for an entire year as 
opposed to only two weeks. 
 Finally, the analysis of the CBC data produced some concerns with the approach 
used to determine which species should be fully analyzed in the autecology matrix.  First 
of all, the guidebook estimates of how common the birds are appear to be rather 
inaccurate (although it should be noted that the sample size of birds for each category is 
quite small, on average 6.35 species).  For example, birds identified as “fairly common” 
in the winter were 2.9 times more abundant than birds identified as “common.” 
 This raises the concern that perhaps some of the birds excluded from the matrix 
should not have been.  However, the only excluded species that the CBC found to be at 
least fairly common was the House Finch (45 birds observed on average yearly), which 
was added to the model once the CBC data had been analyzed.  On the other hand, 
several of the birds that were included because they were at least fairly common for some 
times of the year turned out to be rare during winter, which may have introduced some 
bias into the model. 
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3.4 Conclusions 
 How managers could respond to the information provided by this approach is a 
complex question, but there are several possibilities.  At the very least, the model could 
be used simply to provide warning to pilots when their flight is at high-risk.  
Alternatively, this analysis could be used to identify which areas around the airport 
should be avoided if possible.  Either aircraft could be preferentially routed to the 
runways with the lowest hazard, or their flight paths could be slightly altered to avoid the 
most dangerous areas.  Due to the limited maneuverability of planes (especially as they 
take off and land), the density of flights at DFW, and the cost of fuel, it may not be 
feasible to recommend significant changes to the flight paths.  Similarly, changing the 
runway routing could lead to delays if the runways were not properly balanced (Atkins, 
2002).  Still, the results of the optimization problem provide some clues as to how this 
might work.   
 For example, this analysis showed that for the second half of December, the 
hazard of flights due east of the airport is 1.55 times the hazard of flights due west (Table 
10).  For this time period the airport could potentially schedule fewer flights going due 
east, and more going due west.  Obviously, the flights would not stop entirely in any 
direction, but more eastern flights could be routed to other airports, or a stop to the 
northeast (which was also much lower hazard than east) could be put in between.  Given 
the huge network of available airports, and the frequency of plane changes, such 
alterations may be practical if a large hazard gradient is observed.  Air traffic records can 
be used to evaluate which areas are currently flown over most frequently (Figures 10 and 
11). 
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 Yet another potential tool for existing airports to reduce the wildlife hazard by 
using this type of information would be to change the surrounding land use.  It may seem 
intuitive that from a safety standpoint the best approach to take would be to eliminate the 
natural areas that provide habitat for the wildlife.  However, as Figure 16 shows, there 
was a fair amount of farming near DFW when the GAP data was collected (and there is 
still some).  If this land was replanted with an evergreen forest, the hazard to aircraft 
while flying over these areas would be 4% of what it is with the land in row crops (Table 
7).  The data also show that the increasing urban sprawl around DFW is also increasing 
hazard (since urban was the second most hazardous habitat after open water).  While it is 
would be impractical to reclaim the urban land to shrubland or forest, these results can 
provide guidance as to what sort of land cover changes should be encouraged in the 
future. 
 Finally, the information on how different land cover types affect hazard could be 
used when siting new airports or remodeling existing ones.  A general location should 
ideally be chosen that is far enough from open water that planes would not cross over 
them until they have reached 3,000 feet.  Furthermore, the direction of the runways can 
be chosen so that flight paths will cross over the least hazardous habitat.  Even for 
existing airports like DFW and O’Hare could use this information when deciding where 
to site additional runways. 
 
3.5 Future Work 
 The application potential of this model is limited since it was only designed for 
two weeks out of the year.  If DFW wanted to predict hazard on a yearly basis one of the 
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first steps would be to expand the model to work for the rest of the year.  This would be 
more difficult since bird counts are only performed twice a year, and they are conducted 
differently.  Ideally both of the relative abundance numbers would be transformed into 
actual estimates of density (birds per land area) so that the different data sources could be 
compared.  This would also allow absolute estimates of hazard to be calculated (i.e. the 
amount of bird mass that can be expected to exist in a given flight path).  However, it 
should be noted that in the development of the BAM the two sources were compared in a 
relative sense by normalizing the BBS data to the CBC data (Thompson, 1999; USAF, in 
press).  This approach is simpler than trying to determine absolute bird densities, 
although it does not allow absolute estimates of hazard to be calculated.  
 The problem that some species were included despite being rare in winter would 
be irrelevant if the model was expanded to work year-round, since those species were 
significant at other times of year.  Nonetheless, it is still possible that among species with 
similar CBC abundances, some would be included and others due to information from the 
autecology matrix.  In the interest of eliminating bias from the model all birds from the 
CBC data should eventually be incorporated. 
 Eventually the time of day that each species is active could be incorporated into a 
model such as this (so that birds are not counted as present when they are sleeping or 
otherwise inactive).  Instead of assuming equal vertical distribution, the birds could be 
assumed to be distributed according to the distribution of strikes by height (e.g. 41% on 
the ground, etc.).  However, incorporating this into the current model framework could be 
difficult, since both elevation of the plane and habitat type would have to be considered 
to determine risk. 
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 It would also be helpful to get more accurate flight path data.  The flight paths 
used here only go up to 1,500 feet, are entirely linear, and have not been drawn for all of 
the runways at DFW.  Ideally a set of paths that have actually occurred for a given time 
period in the past would be analyzed, including holding patterns if applicable.  As flight 
paths and the frequency of flights changes temporally (by both time of day and time of 
year), it would be interesting to examine the overall hazard to all flights coming into 
DFW for a certain time period.  These flight paths could then be used to change the 
system of arcs and nodes to correspond to the actual ends of the runways and potential 
flight paths.  This could be a useful tool to airport managers, and it would also allow a 
comparison of predicted results with actual strike records (currently this is impractical 
since strike records are generally listed by runway). 
 Since it has been identified that there are some problems with the GAP data, once 
a new habitat classification scheme for the airport is completed, it could be used instead 
of the GAP data wherever possible.  However, as this effort will most likely be limited by 
the airport boundaries, the GAP is likely to remain the only source of land cover 
information for the surrounding area. 
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4.0 A DESCRIPTIVE APPROACH TO WILDLIFE HAZARD 
ASSESSMENT 
4.1 Introduction 
 While sources such as the BBS and CBC can provide estimates of how many 
birds could be expected to occur on or around the airport, they do not provide information 
on what areas the wildlife are actually using.  The autecology matrix makes general 
predictions based on habitat preference, but to verify these predictions and identify 
specific areas that were especially significant a different type of analysis was used.  
Several different data sources were analyzed to develop information on how wildlife 
utilize the airport: strike reports, wildlife patrol reports, and the year-long quarterly 
survey of wildlife on the airport. 
 While strike records are clearly the most direct evidence of wildlife hazards to 
aircraft, the other two sources are useful as an indication of wildlife abundance (which 
should be tied to strike risk).  Since there are over 10,000 wildlife patrol records, that data 
can be analyzed by more categories (such as by species or by season) than the strike data 
can.  The quarterly survey data is useful as an accurate characterization of the wildlife 
that can be compared to patrol reports. 
   
4.2 Methods 
 A database of wildlife records was developed using copies of the original 
reporting forms.  Once the data was entered in Access it was transferred to Excel to make 
it easier to correct errors and make manipulations.  For the wildlife patrol reports and 
strike reports, the person entering the data determined whether the old or new grid system 
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was being used, and entered all grids in the new system.  Since the quarterly survey data 
was all done in the old system, it was simply entered as written, and then transformed 
using SPSS (see Appendix A for the basic process of using the SPSS script).  The 
quarterly survey data had species listed in terms of Alpha Codes of the American 
Ornithological Union (AOU), which are four letter codes like “RODO” for rock dove.  
Nonstandard codes were identified whenever possible, and all codes were then 
transformed to full text species descriptions using SPSS. 
 The first step in analyzing the records (whether strikes, patrol reports, or the 
quarterly survey) was to tie the full records into the GIS.  This allows retrieval of all of 
the records from a given location.  Figure 47 and Animation 4 show the process of record 
retrieval through the GIS for strikes, and Figure 48 shows what an entire strike records 
looks like.  Although most of the analysis that was done did not utilize all of this data, it 
was important to have it readily available when needed.  Once the full records had been 
entered, summary layers were created that listed the number of records by location, 
which made analysis quicker and easier.  See Appendix A for more details on the process 
of creating the various GIS files. 
 When generating GIS themes, two themes were created for each instance, one 
with the full records and one with the summary information.  Unless otherwise noted, the 
following themes analyzed strikes by runway (theme names are in quotes for clarity): “all 
strike records,” “north flow strikes,” “south flow strikes,” “spring strikes,” “summer 
strikes,” “fall strikes,” “winter strikes,” “strikes by month,” and “strikes by grid.”  The 
number of strikes by grid was also interpolated into a three-dimensional surface to aid 
visualization, where height corresponds to number of strikes.  Given that there is not 
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actually a strike hazard between runways, this 3D surface was also clipped to cover only 
the runways to demonstrate this point. 
 For the patrol record data, most of the focus was on species of key concern (all 
analysis was done by grid rather than runway).  So, both full records (the actual reports 
with all recorded data) and number of patrol records (a summary that simply indicates 
how many records occur for each grid) themes were generated for “all patrol reports,” 
“blackbirds,” “crows,” “mourning doves,” “ducks,” “egrets,” “hawks,” “herons,” and 
“pigeons” (the 8 most common species on the airport as determined by patrol reports).  
For “all patrol reports”, “pigeons,” and “blackbirds,” themes were also generated 
showing the total number of birds per grid.  “All patrol reports” additionally had a theme 
with total bird mass by grid; the mass theme is limited to the records identified to the 
species level (e.g. “European starling” as opposed to “blackbird”), of which there were 
4,248.  In an effort to check the validity of the predictions of the previous chapter, a 
theme was generated showing the number of birds by grid for the second half of 
December.  Finally, a 3D surface was generated for both total number of patrol records 
and total number of birds. 
 Since the quarterly survey data had reliable, consistent information on wildlife 
species, number of birds, and height of the birds, it was possible to analyze it in a fashion 
somewhat distinct from the other data sets.  As before, the full records were brought into 
GIS, but since they had a height component they could be viewed in 3D as well.  
Summary themes were created that showed “number of birds by grid” and “number of 
records by grid” for the entire dataset.  The number of birds by grid was then broken 
down into several categories: “spring,” “summer,” “fall,” “winter,” “pigeons,” “herons 
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and egrets,” and “blackbirds.”  Since all quarterly survey records were identified to 
species level, the blackbird category was created by lumping together all species 
generally considered blackbirds (starlings, grackles, red-winged blackbirds, etc.).  
Finally, themes were also created with the full records for each of the three types of birds 
analyzed.  “Number of birds” was used rather than “number of records” both because it 
should be a better indicator of the wildlife hazard, and because the even sampling of the 
quarterly survey data led to a fairly uniform distribution of records. 
 
4.3 Results and Discussion 
 While only 115 of the 1,318 strike records have grid locations, they are the most 
useful as they point to specific areas of concern.  Figure 49 shows how many strike 
records occurred in each grid.  The 3D surface generated by interpolating values between 
these points (as with wildlife reports), is found in Figure 50 and 51, as well as Animation 
5.  Figure 52 shows the “hazard surface” clipped to the runways alone. 
 A few points are clearly notable on these figures.  The peak on the NW side of the 
airport is predominantly pigeons and blackbirds (this may have to do with routes that 
these birds use to move about the airport, discussed below).  The second peak with more 
than 5 records is on the NE side of the airport, and is mostly due to hawk strikes.  This 
section of the airport has a large expanse of open grassland, which may attract hawks 
because of the food resources there.  The third one occurs at Grid FF-25 (near the north 
end of runway 17L/35R), which is right next to a wetland.  The wildlife reports seemed to 
indicate that this wetland was a strong wildlife attractant; it has since been filled in by 
DFW.  It would be useful to examine future records to see how this affects the wildlife.  
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This capability to identify how hazard varies over the runway shows a need to obtain 
better strike data, more consistently getting a precise location for the strike. 
 As mentioned above, most of the strikes were analyzed by runway since they 
lacked more precise locations (Figure 13).  Figure 53 shows that the two runways with 
distinctive strike numbers are 17L/35R (which has the most strikes) and 13L/31R (which 
had very few strikes).  The 17L/35R runway having high numbers of strikes is not 
surprising, given that it is right next to a wetland that is a known wildlife attractant.  The 
13L/31R runway is the only runway on the airport that planes using another runway fly 
directly over.  Since planes using 17L/35R fly over 13L/31R while either arriving during 
a south flow or departing during a north flow, it is likely these overhead flights could 
either scare away or strike the birds at 13L/31R (with the strikes being coded as 
17L/35R).  Furthermore, jet aircraft are preferentially routed to 13L/31R instead of 
17L/35R (DFW International Airport, 1996). 
 While most of the runways appear to have similar numbers of strikes overall; this 
pattern does not hold when examined by the direction of traffic, seasonally, or on a 
monthly basis.  Figures 54 and 55 show the distribution of strikes by runway for north 
and south flow, respectively.  It should be apparent that in contrast to the overall strikes, 
there are significant differences between the runways for a given traffic flow.  For 
example, the runway with the fewest strikes during north flow (13R/31L) had the most 
strikes during south flow.  Furthermore, the south flow had far more strikes overall, 
reflective of the fact that airport operates in south flow three times as much as north flow 
(DFW International Airport, 1996). 
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 By analyzing the strikes seasonally and by month, the importance of examining 
changes in the wildlife hazard over time becomes apparent.  Figures 56 through 59 and 
Animation 6 show how bird strikes change with the seasons.  Figures 60 through 71 are 
perhaps more useful, as they show monthly changes, which illustrate the seasonal 
patterns more clearly.  The pattern is for strikes to peak in May with spring migration (to 
112), lessen somewhat during summer, peak again in October during fall migration (to a 
high of 143), and lessen considerably during winter (to a low of 42 in January).  As with 
the different traffic patterns, certain runways fluctuate between being relatively safe and 
relatively hazardous from month to month. 
 It has been assumed thus far that bird abundance is strongly related to the risk of a 
strike.  To verify this assumption, the most commonly struck birds were compared to the 
most commonly observed birds (from the wildlife patrol reports).  Table 11 shows that 
the four most common birds are also the most commonly struck.  This is encouraging, as 
it lends legitimacy to the idea that analysis of the wildlife reports can provide an estimate 
of the risk of strikes. 
 For the analysis of the wildlife reports, the distribution of wildlife patrol records 
for the airport were first examined by grid, without any subcategories (Figure 72).  A 3-
dimensional surface (with height being the number of records at each point) was 
generated by interpolating between these points, as seen in Figures 73, 74, 75, and 
Animation 7. 
 The two points with much higher values than any other are Trigg Lake (Figure 
76) and the 3-acre wetland near the 17L/35R runway (Figure 77).  On the one hand, both 
of these sites are known to be significant wildlife attractants at DFW.  These are the two 
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largest bodies of water at DFW, and both lie along routes between larger bodies of water 
off of the airport.  As such, they provide valuable habitat for wildlife species. 
 However, there are two other factors that may contribute to such high values.  
First, since these areas are known problems, they are patrolled more often to identify 
potential problems (Kuehner, 1999).  Since these sites are sampled more frequently than 
other areas, they also have more records.  Second, both Trigg Lake and the 17L/35R 
wetland generally have more diversity than other areas of the airport, and since each 
separate species has its own record the high diversity of these sites made them seem to 
have more birds than other sites. 
 The second factor can be accounted for by examining total number of birds as 
opposed to number of records.  While Trigg Lake still had the most birds recorded 
(116,482), grid Z-16 had 44,260 birds sighted, which is more than the 17L/35R wetland 
(Figures 78 and 79).  Also, several other locations are not far behind in total birds seen.  
However, despite the fact that using a presence/absence approach (by looking only at 
number of records) has some limitations, there are enough records without a number 
listed that most analysis was done without considering the number of birds per record. 
 The last theme generated for all species is “total bird mass by grid” (Figure 80).  
This theme was compared to number of strikes by grid (Figure 81), and only limited 
correlation between the two can be seen.  However, this may be due in part to the fact 
that there are so few strike records and that many of the patrol reports did not have the 
bird identified to species and therefore could not be included in the mass analysis. 
 When the wildlife patrol data is separated out by species, it becomes possible to 
examine how different species move around the airport.  It is difficult to see clear patterns 
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in some of the species, both because some birds move along different routes depending 
on the season and time of day (there is not enough data to subdivide it by both species 
and such categories), and because of the limitations of the data with regard to accuracy.  
Figures 82 through 89 show the number of patrol records for the eight most common 
species.  For pigeons and blackbirds, the number of birds per grid were calculated as well 
(Figures 90 and 91). 
 An interesting exercise was to compare the wildlife patrol data to qualitatively 
determined bird routes as described by DFW’s wildlife biologist, Curt Kuehner.  Since he 
has worked at the airport for several years, he has observed some of the routes that 
different species use in moving around the airport.  Based on his descriptions, routes were 
drawn for several different bird species or groups, such as herons and egrets (Figure 92) 
and blackbirds (Figure 93).  The herons and egrets are essentially moving between large 
lakes off of the airport, stopping at Trigg Lake and the 17L/35R wetland along the way.  
Blackbirds are extremely common on the airport, and move along many different routes; 
the one shown in Figure 93 depicts how they congregate at the terminals in the evening 
rather than all of the various routes they use. 
 When these routes are overlayed with the wildlife patrol data, it is apparent that 
the data matches up with observations fairly well.  Figure 94 shows that for herons and 
egrets, both their routes and preferred habitat match up with the data.  They are seen with 
relatively low frequency along the paths they use to travel between water, and with 
higher frequency at Trigg Lake and the 17L/35R wetland.  The agreement between the 
routes and patrol data is less clear with blackbirds (Figure 95), but this is in part because 
the route drawn is only one of many that the blackbirds use on the airport.  Furthermore, 
 43 
since they are habitat generalists, they can use many of the different land cover types on 
the airport. 
 A comparison of the number of birds observed in the second half of December to 
the predictions of bird abundance from Chapter 3 can be found in Figure 96.  Although 
the abundance model is aimed more at the surrounding area than the airport grounds, 
theoretically the two approaches should yield similar results. 
 Figure 96 shows that the patrol reports and the model do not correspond to each 
other very well.  However, considering how much the landscape has changed since the 
GAP data was created, and how inaccurate it has proven to be on the airport grounds, this 
is not surprising.  In areas farther away from the airport where the land cover has 
remained similar over the past ten years, the model may be more accurate.  Furthermore, 
once a better habitat classification scheme exists, this data could be used to generate a 
more accurate model. 
 As mentioned in Section 2.7, the distribution of quarterly survey records over the 
airport was relatively even (Figure 97).  However, the number of birds shows a pattern 
roughly similar to that seen in the wildlife patrol reports (Figures 98 and 78).  The main 
areas of concentration are around Trigg Lake and the north end of the airport.  This basic 
pattern is seen in fall and winter (Figures 99 and 100), but a more even distribution is 
seen in spring (Figure 101).  In summer they seem to congregate on the southeast and 
northwest sides of the airport (Figure 102). 
 The analysis by species showed similar patterns to the ones observed in the 
wildlife patrol reports.  However, while the agreement for blackbirds (Figures 103 and 
90) and herons/egrets (Figures 104 and 94) was quite clear, there were many less pigeons 
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observed in the quarterly survey data than in the wildlife patrol reports.  While the few 
records that do exist appear to agree, it is unclear why there is such a disparity in terms of 
the number of birds (Figures 105 and 91).  Finally, the height component of the quarterly 
survey data shows that most birds were observed fairly close to the ground (Figure 106). 
 
4.4 Conclusions 
 There is obviously a large, diverse, and varying wildlife community at DFW.  
However, the analysis of patrol reports, strike records, and the quarterly survey has made 
some inroads into describing that community.  The ability to identify areas where wildlife 
tends to occur allows airport managers to plan wildlife patrol efforts so as to focus 
dispersal effort where it is most needed.  Looking at the strike records allows a 
comparison between wildlife presence and wildlife hazard to airplanes.  Understanding 
how the wildlife hazard of each runway varies over time makes it possible to consider the 
risk of a strike as one of the factors that determine which runways should be used 
preferentially. 
 Looking at patterns within each species and comparing them to observed routes is 
a first step towards being able to model movement patterns of the major species at DFW.  
If the movement of flocks of birds can be predicted, then aircraft movements can be 
planned to avoid collisions.  While this would require more data, as well as a real-time 
tracking effort, the work here is a beginning.  Finally, simply being able to record 
information about wildlife routes that comes from years of observations by the current 
wildlife biologist at DFW can serve as a useful resource for the people who occupy that 
position in the future. 
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4.5 Future Work 
 As mentioned in Section 2.8, utilizing personal digital assistants (PDAs) and 
Global Positioning System (GPS) technology for data collection should greatly improve 
the quality of data obtained.  This in turn should allow more thorough analysis and more 
accurate results. 
 Another important step is the comparison of strike data to air traffic logs that 
describe how many planes used each runway during the times that the strikes were 
recorded.  These logs were unavailable for inclusion in this work, but their analysis could 
distinguish areas that have a significant wildlife hazard from areas which simply have 
more flights (both of which have high strike frequencies). 
 Finally, while it would be impractical to carry out wildlife monitoring such as the 
quarterly survey on an annual basis, it should be feasible to improve training of the 
personnel carrying out the wildlife patrol reports.  Collecting height of the wildlife as part 
of the patrol reports is another readily achievable goal, although it should be recognized 
that estimating the height of birds can be a difficult task. 
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5.0 A REAL-TIME APPROACH TO WILDLIFE HAZARD 
ASSESSMENT 
5.1 Introduction 
 The research described so far has been focused on ways to assess the wildlife 
hazard at DFW based on data from the past.  However, while it is certainly important to 
know in advance what areas may be dangerous at a given time, such analysis is designed 
to provide an idea of what will probably happen, rather than real-time information about 
precisely where a hazard is.  Clearly, being able to identify where wildlife hazards exist 
at a given moment is a valuable tool; it can be used to guide wildlife dispersal efforts and 
to decide whether or not the wildlife hazard is sufficient for a flight to be delayed.  Larkin 
(in press) provides an excellent summary of using radar and other sensors to detect 
wildlife; this research focused on the use of a specific type of radar. 
 A prototype of a millimeter-wave 94 GHz radar designed specifically to detect 
birds has been built to assess the usefulness of this approach (Klein et al., in press).  In 
the standard vertical position, the radar scans 30° in the vertical direction with a 0.5° 
vertical beamwidth, and a 5° horizontal beamwidth, with a range of roughly 6 miles 
(when a power amplifier is used).  The entire unit can be rotated 90° to a lateral position 
so that it scans 30° horizontally and 5° vertically, which allows a greater land area to be 
scanned over (at the cost of focusing on low elevations and being unable to determine 
precise height of the birds).  When the radar is in the vertical position, the beam reaches 
3,000 feet about one mile out.  However, since the radar is almost certainly going to be 
deployed at the end of a runway, planes which are within the one-mile range will also be 
below 3,000 feet and adequate warning should still be provided.   
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 This prototype will be deployed at DFW, and its performance in detecting birds in 
an airport setting evaluated.  The ability of the radar to detect birds has been tested at a 
bird sanctuary, but this will likely differ from the conditions at DFW (Klein et al., in 
press).  Since only one prototype has been built thus far and it has limited coverage, 
deciding precisely where to place it is an important consideration.  Given that the unit is 
movable, the potential exists for varying the location and direction scanned as seasonal 
wildlife patterns change.  This chapter addresses tools that were developed to support the 
placement of the radar. 
 There are three major applications of this research in supporting the placement of 
a “bird radar.”  First, for a given radar location, “blind spot” areas where the radar will be 
blocked by topography can be identified by using a viewshed analysis.  This allows a 
location to be chosen with the fewest blind spots.  Since these are two-dimensional 
pictures, they only indicate whether or not a location on the ground is visible from the 
radar’s position.  Nonetheless, they are useful in that they indicate blockage of the radar 
from topographical features; if a hill is in front of the radar the substantial blockage in the 
air will also be reflected in the viewshed.  It should be noted that since the radar does not 
actually have 360o coverage, these viewsheds only indicate potential for a given radar 
site; the actual area scanned would vary depending on the direction of the radar. 
 Although the topography at DFW is fairly flat, and the blind spots will mostly be 
very low to the ground the viewshed analysis is still an important tool.  For one thing, the 
farther out the radar goes the larger the blind spot will be.  For another, if birds on the 
ground are invisible to radar, then whenever a flock lands on or near a runway there 
could be a false impression of safety.  It is important to know where wildlife are at all 
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times, so that a hazard can be identified early enough to provide more than just a last-
minute warning.  However, it is also important to note that at this stage only a single 
radar unit will be used, and that as such this ideal will be unattainable. 
 Second, since the radar is movable, the wildlife hazard analysis (either the 
predictive hazard maps or the analysis of past strikes and wildlife occurrence) can 
indicate what the best location and direction will be for a given time of year.  For 
example, it could be moved from runway 18L/36R in July (Figure 66), to runway 
13R/31L in August (Figure 67), to runway 17L/35R in September (Figure 68) so that it is 
always scanning the area with the greatest hazard. 
 Finally, for any of the potential radar locations being evaluated, the volume of 
airspace scanned (half of an elliptical cone) can be shown in 3D using GIS (both for the 
vertical and lateral position of the radar).  These cones can then be combined with three-
dimensional wildlife records (such as the quarterly survey) to see whether or not the areas 
of concern would be covered.  Once accurate flight paths are drawn, it could be readily 
determined whether or not the entire path below 3,000 feet is being scanned.  Since 
ArcView is not designed to display geometric objects, the process developed to plot the 
cones in GIS was somewhat involved.  It is described in more detail in Appendix A.  
These 3D cones could also be used if more than one bird radar was deployed to ensure 
that the coverage did not overlap. 
 Another concern related to the bird radar is whether or not it will interfere with 
the glide slope.  The glide slope is an electronic signal emitted from an antenna near the 
end of each runway which provides pilots an indication of whether their vertical position 
matches the correct flight path (NASA, 2002).  By using a staggered antenna the signal 
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appears to originate from the center of the runway (in terms of width), about 1,000 feet 
before the runway ends.  The glide slope was plotted in GIS and compared with the radar 
cones to see how it would overlap with the volume that the radar would scan.  If it is 
determined that interference would occur, a new location could be found where the glide 
slope coverage and radar coverage do not overlap. 
 
5.2 Methods 
 Six potential elevation locations were chosen for viewshed evaluation, based on a 
qualitative examination of the topography at the airport.  Since none of the locations 
ended up allowing coverage of the entire airport, a composite viewshed (if two radar 
locations were used) was evaluated as well.  This viewshed differentiates between 
locations that are not visible from either radar and locations that are visible from one or 
both radars.  The 4th and 6th viewsheds were used, as they appeared to be the most 
complete and complementary.  Later on, a new site was identified as a candidate for the 
radar based on the airspace that could be scanned from there, so the viewshed for this 
point was calculated as well. 
 The basic method for generating the cones that represent the volume scanned by 
the radar was to input a set of characteristics into a spreadsheet, which generates 
coordinates used by ArcView to build the cone into a 3D “TIN” file.  This stands for 
Triangulated Irregular Network, which is a surface comprised of several triangles.  The 
input variables needed are azimuth (compass direction that the radar is facing), azimuthal 
scan angle (the total angle that it scans horizontally), vertical scan angle, scan range, and 
x/y/z coordinates of the radar unit itself.  For this research, a single radar location was 
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used (subgrid Z17K, with a height of three meters above ground) and scan range was 
fixed at 6 miles.  Azimuth and the scan angles were varied to generate four cones: 
azimuth was either 0 (north) or 180 (south), and the radar position was either vertical (30° 
vertical, 5° azimuthal) or lateral (5° vertical, 30° azimuthal). 
 At DFW the glide slope signal for runway 17R/35L was plotted using data from 
an approach plate (ZFW ARTCC, 2002).  The beam was determined to have a 3.05° 
angle from the ground based on the approach plate data; a 3° beam width and 1.4° beam 
height were assumed since those are the typical dimensions for a glide slope (NASA, 
2002).  The process for generating the 3D glide slope coverage was similar to the one 
used to create the radar cones.  However, showing the glide slope is slightly more 
difficult, since it has both a top and bottom.  Since a single TIN cannot have two height 
values for the same x,y location, two separate TINs are generated to show the top and 
bottom halves of the glide slope coverage (which need to be brought into ArcView one at 
a time). 
 The Excel worksheet used to generate the coordinates is very similar to the one 
used for the bird radar, but with a few key differences.  The inputs necessary to create the 
glide slope are: azimuth, beam width of the glide slope, beam height of the glide slope, 
distance to a known point (this is the distance on the ground to the middle marker, or 
some other point where the height of the center of the glide slope beam is known), height 
of known point (this is the height of the center of the glide slope beam at the known 
point), height of end of beam (on the approach plate used, the glide slope extends beyond 
the last known point, and inputting this height extends the cone to the correct length), and 
x/y/height coordinates of the glide slope origin.  The reason for using a point with a 
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known height at a set distance from the glide slope origin is simply to determine the 
vertical angle of the glide slope beam, which was not available on the approach plate 
used (ZFW ARTCC, 2002).  Height calculations were done relative to ground level, but 
the spreadsheet can also produce results in terms of height above sea level. 
 
5.3 Results and Discussion 
 The first six viewsheds calculated are shown in Figures 107 through 112.  The 
position of the radar is indicated by a blue dot; green areas are visible from this location 
and red areas are not.  The composite viewshed based on the two radar locations is shown 
in Figure 113 and 114.  Animation 8 shows a 3D manipulation of this figure, and may be 
helpful in visualizing how topography determines these viewsheds.  The final viewshed 
evaluated for the location where the radar is likely to be sited is found in Figure 115.  
Note that from this location, the viewshed is fairly poor, even only within the “footprint” 
of the volume scanned by the radar.  At the worst point within this viewshed, there is a 20 
meter gap between the ground and the radar beam.  The reason that this point was 
evaluated despite the poor viewshed is discussed below. 
 The scanned volume for the four radar positions evaluated can be seen in Figures 
116 through 119 and Animation 9.  Figure 120 shows the coverage for both the lateral 
and vertical positions (facing north) in order to compare them.  The azimuthal footprint 
of these cones (the view from directly overhead) is shown in Figures 121 through 124.  It 
is apparent that the radar can only scan a relatively small portion of the airspace, which 
makes its location extremely important.  The reason that the final location evaluated with 
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a viewshed was chosen for further evaluation is that the radar must be very close to the 
runway in order to scan the space that planes will intersect. 
 The coverage of the glide slope for runway 17R/35L is shown in Figure 125 and 
Animation 10.  Figure 126 shows that for the proposed bird radar location, the radar 
coverage and glide slope coverage overlap almost completely.  Thus, if it is determined 
that the bird radar will interfere with glide slope, this location will not be suitable.  
However, it should also be considered that the area covered by the glide slope is precisely 
the area where wildlife is of the most concern.  If the bird radar and glide slope are 
incompatible the radar’s uses will be restricted. 
 
5.4 Conclusions 
 While planes arriving on runway 17R/35L come in completely straight, 
northbound departures take off on a heading between 340° and 10° and southbound 
departures vary between 155° and 190° (these numbers are for jets, propeller planes use 
much larger angles) (DFW International Airport, 1996).  Thus, in order to scan the entire 
airspace that departures might use would require 6 radars on the north (located at roughly 
the same point but oriented so they do not quite overlap) and 7 on the south.  However, it 
is important to realize that the purpose of the initial deployment is to test the efficacy of 
the radar rather than immediately achieve full awareness of the wildlife hazard.  If the 
radar functions well at detecting birds without interfering with the glide slope or other 
radars it eventually could be deployed on a larger scale. 
 The tools developed here have proven to be fairly flexible in supporting the radar 
deployment.  The spreadsheet used to generate the cones of radar coverage will work for 
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any location on the airport (and can be easily modified to work for any airport), as well as 
for various radar configurations.  Once the radar is actually deployed and its performance 
evaluated, any shortcomings of this analysis that are not currently apparent can be 
addressed. 
 
5.5 Future Work 
 One avenue for future work to take would be to more thoroughly explore the 
coverage of the bird radar.  For example, the viewsheds as calculated now (based solely 
on topography) give some indication of what areas allow birds to escape detection if they 
remain low to the ground.  If information on the height of buildings and other 
obstructions was made available, a much more accurate viewshed could be calculated.  
This in turn could be used to show in 3D what volumes of airspace are obstructed from 
the radar’s view. 
 Another possible use of the radar is to track actual bird movements around the 
airport.  While this would probably require either several radars, or a modification of the 
existing unit to improve coverage, the ability to identify how and where birds move 
around the airport could be crucial.  Such tracking data could be combined with habitat 
information, past wildlife records, flocking behavior data, wind speed/direction records, 
etc. to develop a model that could predict specific bird movements.  Ideally such a model 
would also show the volume and shape of bird flocks, as well as the density and 
distribution of birds within the flock.  As mentioned in Section 4.5, it can be difficult to 
estimate height of wildlife from the ground, so the radar could be used both to collect 
information on height and to assess the accuracy of height estimates by DFW personnel. 
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6.0 OVERALL CONCLUSIONS AND APPLICATIONS 
 Cleary, wildlife management on airports is a complex issue.  There are multiple 
potential approaches to ameliorate current airport practices, several of which have been 
identified here as working in a complimentary fashion.  The combination of habitat data 
with bird abundance functions as a predictor of broad patterns of abundance over time 
and space, which can provide airport managers with an idea of what to expect.  The data 
recorded at the airport itself serves as a fine-scale description of wildlife on the airport, 
and compares wildlife presence (patrol reports) to actual strike records.  Finally, the use 
of radar to detect birds adds a real-time component, allowing quick responses to wildlife 
hazards as they occur. 
 On existing airports such as DFW, the most useful tool will probably be the 
support of the bird radar, since it allows real-time detection of actual hazards, rather than 
merely providing estimates.  However, as mentioned earlier, the ability to predict wildlife 
abundance is important to determine the best placement of the radar.  The analysis of 
wildlife patrols and strike records also allows airport personnel to focus their efforts on 
areas that are known to be problems at given times.  The PDA-based data collection 
system should prove helpful in improving the quality of data that the airport keeps, which 
in turn will improve future predictive capabilities.  If more information was collected on 
the height of birds (in addition to the x/y location), more of an effort could be made to 
examine when and where wildlife may intersect flight paths. 
 As mentioned in Chapter 3, examining the land cover and wildlife populations of 
an area before deciding where to site a new airport or new runway has a lot of potential to 
prevent strikes.  For example, part of DFW’s appeal to large waterbirds (which can cause 
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significant damage to aircraft) is undoubtedly that it is located at about the midway point 
between several large lakes.  The risk of hitting one of these large birds could have been 
reduced if DFW had been cited off of these routes, or if the runways were oriented such 
that planes do not fly over lakes until they’ve reached 3,000 feet. 
 Although this research was developed for DFW, it should be applicable to other 
airports with certain modifications.  This would mainly involve using different GIS data, 
as well as updating the bird information for the new locale.  While the data would be 
different, the same approach could be used, and many of the analysis techniques would 
be much easier since specific information on how they were achieved is provided in 
Appendix A. 
 This body of research has examined many different approaches to preventing 
airplane-wildlife strikes, but I feel that this simply serves as a baseline for future work, 
rather than a finished product.  While some applications such as the bird radar support are 
fairly well developed, others such as the preliminary wildlife hazard model could be 
significantly improved upon (for example, by using more accurate land cover data and 
expanding it to be applicable year-round).  Nonetheless, it is my hope that through this 
work DFW has gained several new management tools, and that other airports have been 
provided with a framework they could use to supplement their own wildlife management 
programs. 
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7.0 TABLES 
Table 1: 
List of GIS data layers collected from existing sources. 
Hazard Attribute GIS Data Layer Name Source 
Airport Buildings DFW 
AOA fence DFW 
City Boundaries DFW 
DFW grid system DFW 
Floodzones DFW 
Intermittent lakes  DFW 
Land use DFW 
Landfills DFW 
Noise Countours DFW 
Roads DFW 
Aerial Photographs (DOQs) TOP* 
County Boundaries TWDB** 
Land cover TX GAP 
BAM hazard layers USAF 
Soils USDA 
Elevation USGS 
Permanent water bodies USGS 
Streams USGS 
Topographic maps (DRGs) USGS 
Waterways USGS 
NEXRAD radar locations Dr. R. Larkin, UIUC 
*Texas Orthoimagery Program 
**Texas Water Development Board 
 
 
Table 2: 
List of GIS data layers created as part of this research. 
Hazard Attribute GIS Data Layer Name 
FAA/DFW strike reports 
DFW wildlife patrol reports 
Wildlife remains reports 
Bird Routes (estimated) 
Estimated flight paths 
Potential radar visibility areas 
Potential volume scanned by radar 
Ground photos of habitat 
 
 
 
 
 
 
 
 
 
Table 3: 
Comparison of land cover designations used by GAP to the ones used in generating the autecology matrix and the ones used for 
display purposes. 
GAP Classification MatrixClass DisplayClass 
Rounded-Crowned Temperate or Subpolar Needle-Leaved Evergreen Forest Evergreen Forest  Evergreen Forest  
Temperate Broad-Leaved Evergreen Woodland Evergreen Woodland Evergreen Woodland 
Round-Crowned Temperate or Subpolar Needle-Leaved Evergreen Woodland Evergreen Woodland Evergreen Woodland 
Cold-Deciduous Woodland Deciduous Woodland Deciduous Woodland 
Temporarily Flooded Cold-Deciduous Woodland Deciduous Woodland Deciduous Woodland 
Lowland Mixed Evergreen - Drought Deciduous Shrubland Shrubland (dry/very dry) Shrubland 
Medium-Tall Bunch Temperate or Subpolar Grassland Prairie (wet) Grassland 
Short Sod Temperate or Subpolar Grassland Prairie (dry) Grassland 
Cropland (irrigated, row, etc.) Agricultural Fields Cropland 
Water Lakes/Ponds Water 
Urban Area Urban Areas Urban Area 
 
 
Table 4: 
Description of the different risk levels used by BAM. 
Class Bird Mass (ounces/ km) Average Predicted Risk Ratio 
LOW 1 0-140 - 
LOW 2 141-494 4.5 times the risk of LOW 1 
LOW 3 495-1748 16 times the risk of LOW 1 
MODERATE 1 1749-6181 57 times the risk of LOW 1 
MODERATE 2 6182-21854 200 times the risk of LOW 1 
MODERATE 3 21855-77269 708 times the risk of LOW 1 
SEVERE 1 77270-273201 2,503 times the risk of LOW 1 
SEVERE 2  273202-965954 8,851 times the risk of LOW 1 
SEVERE 3 965955-4444555 38,647 times the risk of LOW 1 
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Table 5: 
Description of the fields in the autecology matrix. 
Field descriptions 
Common name 
Scientific name 
AOU number 
CRC number 
Does the bird breed in Texas? 
How common is it at DFW at various times of year? 
What are the dates the bird generally occurs at DFW 
Mean mass 
Range of mass (if present) 
Habitat description from Peterson's 
Habitat description from Stokes 
New habitat classification 
Habitat types from GAP 
 
Table 6: 
Results of preliminary hazard analysis (before correction for birds only identified to group). 
Habitat # Abundance per Hue Hazard Mass*Abundance Hue Hazard Habitat 
  Observer Hour   Ranking /Observer Hour   Ranking Description 
1 21.01 111 5 15790.61 0 1 Lakes/Ponds 
4 44.77 0 1 5373.76 133 3 Agricultural Fields 
5 43.25 7 2 7665.12 104 2 Urban Areas 
7 1.98 200 11 165.06 200 11 Evergreen Forest 
10 5.46 184 10 225.08 199 10 Dry/Very Dry Shrubland 
13 35.05 45 3 4650.49 143 4 Medium-Tall Grassland 
20 7.02 176 9 731.83 193 9 Temp. Flooded Dec. Woodland 
21 23.53 99 4 2219.72 174 5 Short Grassland 
22 7.02 176 8 732.14 193 8 Deciduous Woodland 
29 7.87 172 7 759.37 192 7 Evergreen Woodland 
33 7.87 172 6 759.37 192 6 Evergreen Woodland 
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Table 7: 
Results of preliminary hazard analysis (after correction for birds only identified to group). 
Habitat # Abundance per Hue Hazard Mass*Abundance Hue Hazard Habitat 
  Observer Hour   Ranking /Observer Hour   Ranking Description 
1 27.08 122 4 19569.01 0 1 Lakes/Ponds 
4 65.82 0 1 7623.50 124 3 Agricultural Fields 
5 53.22 40 2 9200.98 107 2 Urban Areas 
7 2.30 200 11 317.76 199 10 Evergreen Forest 
10 5.70 189 10 230.32 200 11 Dry/Very Dry Shrubland 
13 46.56 61 3 5398.99 147 4 Medium-Tall Grassland 
20 9.07 179 9 964.44 192 9 Temp. Flooded Dec. Woodland 
21 25.69 126 5 2461.06 177 5 Short Grassland 
22 9.07 179 8 964.75 192 8 Deciduous Woodland 
29 9.94 176 7 992.42 192 7 Evergreen Woodland 
33 9.94 176 6 992.42 192 6 Evergreen Woodland 
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Table 8: 
Length of each habitat type along each flight path. 
  Length, meters     
  1 2 3 4   Habitat 
  Two-EngineS Two-EngineN Four-EngineS Four-EngineN Total Description 
1 196.30 0.00 0.00 0.00 196.30 Lakes/Ponds 
4 1015.61 3936.35 3377.40 3518.00 11847.36 Agricultural Fields 
5 9783.14 4137.35 4734.57 4411.49 23066.54 Urban Areas 
7 98.15 589.78 288.29 402.13 1378.34 Evergreen Forest 
10 1538.87 1573.01 1058.30 601.25 4771.42 Dry/Very Dry Shrubland 
13 3170.86 2659.85 3675.53 2661.73 12167.97 Medium-Tall Grassland 
20 885.06 2163.21 1154.39 1002.94 5205.60 Temp. Flooded Dec. Woodland 
21 1339.45 1573.01 1922.74 1105.31 5940.51 Short Grassland 
22 294.88 3249.27 192.61 1808.50 5545.25 Deciduous Woodland 
29 3538.55 1945.22 1443.10 2411.47 9338.33 Evergreen Woodland 
33 0.00 0.00 0.00 0.00 0.00 Evergreen Woodland 
Total 21860.87 21827.03 17846.92 17922.82     
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Table 9: 
Hazard of each flight path, based upon the bird mass expected in each habitat type multiplied by the length of the flight path in that 
habitat. 
  Hazard     
  1 2 3 4   Habitat 
  Two-EngineS Two-EngineN Four-EngineS Four-EngineN Total Description 
1 3841455.24 0.00 0.00 0.00 3841455.24 Lakes/Ponds 
4 7742483.95 30008765.38 25747568.13 26819476.55 90318294.02 Agricultural Fields 
5 90014430.78 38067613.59 43562698.84 40589988.22 212234731.42 Urban Areas 
7 31188.32 187404.13 91604.40 127778.62 437975.46 Evergreen Forest 
10 354432.46 362295.36 243747.43 138478.83 1098954.08 Dry/Very Dry Shrubland 
13 17119438.50 14360501.96 19844144.79 14370653.98 65694739.23 Medium-Tall Grassland 
20 853587.76 2086278.89 1113335.47 967275.99 5020478.10 Temp. Flooded Dec. Woodland 
21 3296478.17 3871269.70 4731988.80 2720239.10 14619975.77 Short Grassland 
22 284483.71 3134732.04 185816.21 1744751.17 5349783.12 Deciduous Woodland 
29 3511708.25 1930462.70 1432152.24 2393180.71 9267503.91 Evergreen Woodland 
33 0.00 0.00 0.00 0.00 0.00 Evergreen Woodland 
Total 127049687.14 94009323.75 96953056.29 89871823.17     
 
 
Table 10: 
Least hazardous path chosen for each direction from the airport. 
Direction  Final Node Arcs Chosen           Hazard Length(m) Length(mi) 
N 17         7,29,56 240924156 56129 34.88 
NE 18         1,11,37 182983152 43448 27 
E 19         3,16,40 265947892 40233 25 
SE 20         5,22,45 241841338 52914 32.88 
S 21         5,22,46 245888353 40233 25 
SW 22         5,23,49 234245270 43448 27 
W 23         8,30,52 171196121 43448 27 
NW 24         7,29,55 173613277 43448 27 
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Table 11: 
Comparison of most commonly struck birds to most commonly seen birds (according to 
wildlife patrol reports) at DFW. 
  Number Order 
Species Strikes Patrols Strikes Patrols 
Blackbird 70 2303 1 1 
Pigeon 65 1516 2 2 
Hawk 56 856 3 3 
Dove 33 560 4 4 
Sparrow 29 13 5 27 
Egret 2 373 17 5 
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8.0 FIGURES 
Figure 1: 
Number of reported bird strikes to civil aircraft, USA, 1990 to 2001 (Cleary et al., 2002). 
 
 
 
Figure 2: 
Number of geese in the United States from 1970 to 1997 (Cleary et al., 1999). 
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Figure 3: 
Number of commercial flights in the United States, from 1981 to 2002.  2002 figure is 
estimated from January through June data (BTS, 2003). 
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Figure 4: 
Damaged radome caused by a wildlife strike (Edwin Herricks, personal communication, 
2001). 
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Figure 5: 
This 767 sustained damage in 17 locations, 11 of which penetrated the aircraft on April 2, 
2001 (Michel Hovan, personal communication, 2001). 
 
 
 
Figure 6: 
This aircraft sustained damage as a result of a bird strike on January 8, 2003 that resulted 
in serious head and facial injuries to the captain.  The plane’s electrical system was also 
damaged (William J. Hughes FAA Technical Center, 2003). 
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Figure 7: 
Effect of a bittern strike on the wing of a PA-28 Warrior, 10/6/99 (William J. Hughes 
FAA Technical Center, 2003). 
 
 
 
Figure 8: 
Distribution of wildlife strikes to civil aircraft in US from 1990 to 2001, by height 
(Cleary et al., 2002). 
0
500
1000
1500
2000
2500
3000
0 10 20 30 40 50 60 70 80 90 100
Cumulative Percent of Strikes
H
ei
gh
t a
bo
ve
 g
ro
un
d 
le
ve
l
 
 
 
  67 
Figure 9: 
Digital Orthophoto Quadrangles (DOQs) for the area surrounding DFW, with distances 6 
nautical miles and 25 statute miles from center of the airport marked. 
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Figure 10: 
Actual flight paths used up to 3,000 feet at DFW for north flow (color indicates 
elevation). 
 
 
 
Figure 11: 
Actual flight paths used up to 3,000 feet at DFW for south flow (color indicates 
elevation). 
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Figure 12: 
Bird Avoidance Model (BAM) map for Dec 17 to Dec 31, daytime (See Table 4 for 
explanation of each risk level). 
  
 
 
Figure 13: 
Diagram of DFW runways, the name of each runway depends on the direction of travel as 
shown. 
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Figure 14: 
Digital Orthophoto Quadrangles (DOQs) for DFW, with the airport boundaries roughly 
outlined in yellow. 
 
 
 
 
 
 
 
 
 
 
 
 
  71 
Figure 15: 
Land cover map from the TX GAP program for a 5-mile radius around DFW airport. 
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Figure 16: 
Land cover map from the TX GAP program for a 25-mile radius around DFW airport. 
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Figure 17: 
Digital raster graphics (DRGs) of the DFW area, with streams and lakes layered on top. 
 
 
 
Figure 18: 
Soil map of the DFW area, colored by soil type, with part of the legend.  Different colors 
with the same name are the same soil types with different slopes. 
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Figure 19: 
Land use map of the airport, layered on top of 3D elevation. 
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Figure 20: 
DFW’s grid location system. 
 
 
 
Figure 21: 
Subgrids within DFW’s grid location system. 
 
 
  
Figure 22: 
Transformation of GAP habitat types from original descriptions to a simpler classification for display purposes. 
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Figure 23: 
High-resolution aerial photographs of DFW. 
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Figure 24: 
High-resolution aerial photograph of the SE corner of runway 13L/31R. 
 
 
 
Figure 25: 
Points (in blue) where ground-based habitat data was collected. 
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Figure 26: 
Ground-based photo linked to an aerial photograph in GIS. 
 
 
 
Figure 27: 
BAM for Dec 17 to Dec 31, daytime, zoomed into a 25-mile radius around the airport.  
Pixels are 1 km2 (See Table 4 for explanation of each risk level). 
 
  
Figure 28: 
Sample data sheet from the wildlife patrol reports. 
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Figure 29: 
Sample data sheet from the wildlife patrol reports. 
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Figure 30: 
Sample drop down list for wildlife species on a PDA wildlife patrol report form. 
 
 
 
Figure 31: 
First page of the sample PDA-based wildlife report form, blank. 
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Figure 32: 
Second page of the sample PDA-based wildlife report form, blank. 
 
 
 
Figure 33: 
First page of the sample PDA-based wildlife report form, filled in. 
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Figure 34: 
Second page of the sample PDA-based wildlife report form, filled in. 
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Figure 35: 
Presence/absence map for mourning dove, based on GAP data combined with the 
autecology matrix. 
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Figure 36: 
Presence/absence map for European Starling, based on GAP data combined with the 
autecology matrix. 
 
 
 
 
Figure 37: 
Color scheme used to display bird abundance and relative strike hazard. 
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Figure 38: 
Bird abundance based on CBC and GAP data (before correction for birds only identified 
to group). 
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Figure 39: 
Relative strike hazard based on CBC and GAP data (before correction for birds only 
identified to group). 
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Figure 40: 
Bird abundance based on CBC and GAP data (after correction for birds only identified to 
group). 
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Figure 41: 
Relative strike hazard based on CBC and GAP data (after correction for birds only 
identified to group). 
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Figure 42: 
Four typical flight paths at DFW, and their location relative to the airport. 
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Figure 43: 
Labeling of nodes for the least hazardous path problem.  Node 0 is located at the center of 
DFW. 
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Figure 44: 
Labeling of arcs for the least hazardous path problem. 
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Figure 45: 
Relative strike hazard of the four typical flight paths (based on the map shown in Figure 
41). 
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Figure 46: 
Relative strike hazard of all the arcs in the least hazardous path problem (based on the 
map shown in Figure 39). 
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Figure 47: 
Strike record retrieval through the GIS. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
Figure 48: 
A full strike record as viewed through GIS. 
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Figure 49: 
Summaries of number of bird strikes per grid. 
 
 
 
Figure 50: 
Number of bird strikes per grid, interpolated into a “hazard surface.” 
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Figure 51: 
Number of bird strikes per grid, interpolated into a “hazard surface” and viewed from an 
angle. 
 
 
 
 
Figure 52: 
Bird strike “hazard surface” by grid, clipped to runways. 
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Figure 53: 
Number of strikes by runway for all strikes. 
 
 
 
Figure 54: 
Number of strikes by runway for North flow. 
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Figure 55: 
Number of strikes by runway for South flow. 
 
 
 
Figure 56: 
Number of strikes by runway in winter. 
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Figure 57: 
Number of strikes by runway in spring. 
 
 
 
Figure 58: 
Number of strikes by runway in summer. 
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Figure 59: 
Number of strikes by runway in fall. 
 
 
 
Figure 60: 
Number of strikes by runway for January. 
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Figure 61: 
Number of strikes by runway for February. 
 
 
 
Figure 62: 
Number of strikes by runway for March. 
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Figure 63: 
Number of strikes by runway for April. 
 
 
 
Figure 64: 
Number of strikes by runway for May. 
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Figure 65: 
Number of strikes by runway for June. 
 
 
 
Figure 66: 
Number of strikes by runway for July. 
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Figure 67: 
Number of strikes by runway for August. 
 
 
 
Figure 68: 
Number of strikes by runway for September. 
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Figure 69: 
Number of strikes by runway for October. 
 
 
 
Figure 70: 
Number of strikes by runway for November. 
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Figure 71: 
Number of strikes by runway for December. 
 
 
 
Figure 72: 
Number of records from wildlife patrol reports, by grid. 
 
  
Figure 73: 
3D representation of wildlife patrol report records, by grid, from overhead. 
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Figure 74: 
3D representation of wildlife patrol report records, by grid, from an angle.  Height is number of records. 
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Figure 75: 
3D representation of wildlife patrol report records, by grid, from an angle, zoomed in to show relatively subtle differences in the 
number of records. 
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Figure 76: 
High-resolution aerial photograph of Trigg Lake. 
 
 
 
Figure 77: 
High-resolution aerial photograph of 17L/35R wetland. 
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Figure 78: 
Total number of birds from wildlife patrol reports, by grid. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
Figure 79: 
3D representation of total number of birds from wildlife patrol reports, by grid, from an angle.  The vertical dimension is compressed 
for clarity. 
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Figure 80: 
Total mass of birds from wildlife patrol reports, by grid. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
Figure 81: 
Total mass of birds from wildlife patrol reports, by grid, overlain with 3D interpolation of strikes (combination of Figure 50 with 
Figure 80). 
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Figure 82: 
Number of blackbird records from wildlife patrol reports, by grid (2,303 total records). 
 
 
Figure 83: 
Number of pigeon records from wildlife patrol reports, by grid (1,516 total records). 
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Figure 84: 
Number of hawk records from wildlife patrol reports, by grid (856 total records). 
 
 
Figure 85: 
Number of dove records from wildlife patrol reports, by grid (560 total records). 
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Figure 86: 
Number of egret records from wildlife patrol reports, by grid (373 total records). 
 
 
Figure 87: 
Number of duck records from wildlife patrol reports, by grid (337 total records). 
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Figure 88: 
Number of crow records from wildlife patrol reports, by grid (187 total records). 
 
 
Figure 89: 
Number of heron records from wildlife patrol reports, by grid (142 total records). 
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Figure 90: 
Number of blackbirds from wildlife patrol reports, by grid. 
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Figure 91: 
Number of pigeons from wildlife patrol reports, by grid. 
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Figure 92: 
Heron/egret routes (as observed by the wildlife manager at DFW). 
 
 
 
Figure 93: 
Blackbird routes (as observed by the wildlife manager at DFW). 
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Figure 94: 
Heron and Egret routes, overlayed with their wildlife patrol records. 
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Figure 95: 
Blackbird routes, overlayed with their wildlife patrol records. 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
Figure 96: 
Overlay of wildlife patrol records for 2nd half of December with 439 abundance map predictions. 
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Figure 97: 
Number of records from year-long quarterly survey, by grid. 
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Figure 98: 
Number of birds from quarterly survey, by grid. 
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Figure 99: 
Number of birds from quarterly survey, by grid, for fall. 
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Figure 100: 
Number of birds from quarterly survey, by grid, for winter. 
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Figure 101: 
Number of birds from quarterly survey, by grid, for spring. 
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Figure 102: 
Number of birds from quarterly survey, by grid, for summer. 
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Figure 103: 
Number of blackbirds from quarterly survey, by grid. 
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Figure 104: 
Number of herons and egrets from quarterly survey, by grid. 
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Figure 105: 
Number of pigeons from quarterly survey, by grid. 
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Figure 106: 
Quarterly survey records, displayed in 3D by height (vertical dimension is exaggerated 
by a factor of 5). 
 
 
 
Figure 107: 
1st calculated viewshed; blue dot is radar location. 
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Figure 108: 
2nd calculated viewshed; blue dot is radar location. 
 
 
 
Figure 109: 
3rd calculated viewshed; blue dot is radar location. 
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Figure 110: 
4th calculated viewshed; blue dot is radar location. 
  
 
 
Figure 111: 
5th calculated viewshed; blue dot is radar location. 
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Figure 112: 
6th calculated viewshed; blue dot is radar location. 
 
 
 
Figure 113: 
Viewshed if both locations 4 and 6 are used; blue dots are radar locations. 
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Figure 114: 
Transparent viewshed if both locations 4 and 6 are used, overlaid with an aerial 
photograph; black dots are radar locations. 
 
 
Figure 115: 
7th calculated viewshed (for the site where the radar will probably be located); blue dot is 
radar location. 
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Figure 116: 
Predicted coverage for the vertical radar position facing north, from angle in 3D. 
 
 
 
Figure 117x: 
Predicted coverage for the lateral radar position facing north, from angle in 3D. 
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Figure 118: 
Predicted coverage for the vertical radar position facing south, from angle in 3D. 
 
 
 
Figure 119: 
Predicted coverage for the lateral radar position facing south, from angle in 3D. 
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Figure 120: 
Predicted coverage for both the lateral and vertical radar positions facing north, from 
angle in 3D (shown for comparison between the two positions). 
 
 
Figure 121: 
Predicted coverage for the vertical radar position facing north, from overhead in 2D 
(azimuthal footprint). 
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Figure 122: 
Predicted coverage for the lateral radar position facing north, from overhead in 2D 
(azimuthal footprint). 
 
 
Figure 123: 
Predicted coverage for the vertical radar position facing south, from overhead in 2D 
(azimuthal footprint). 
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Figure 124: 
Predicted coverage for the vertical radar position facing south, from overhead in 2D 
(azimuthal footprint). 
 
 
Figure 125: 
Coverage of the glide slope for runway 17R, from angle in 3D. 
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Figure 126: 
Coverage of the glide slope for runway 17R overlain with vertical radar position facing 
north, from angle in 3D. 
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APPENDIX A  
A.1 Introduction 
 As mentioned in the main body of this thesis, the description of GIS methods 
have thus far been vague or omitted entirely in the interest of brevity and simplicity.  For 
example, it was mentioned that wildlife records were brought into the GIS, but it was not 
described how.  A full explanation of the methods used may be of little interest to some 
people, and the text would be interrupted by lengthy technical discussions.  However, one 
of the purposes of this document is to serve as a resource for airport managers who wish 
to use some of the tools developed here at their own location.  So, in this section critical 
techniques used in this research are discussed in greater detail.  This Appendix should 
function as an independent document; while examples are drawn from the main text of 
the thesis, the explanations and instructions herein should be clear on their own. 
 ArcView 3.2 was used almost exclusively for this work, both because it was 
easier to use and because it ran much faster than ArcGIS 8.x.  People working with 
ArcGIS will have different menus and commands, but the basic processes described 
below should be similar.  The order of the techniques described roughly follows the order 
in which they were used in each section of the main text of this thesis. 
 A basic level of familiarity with GIS concepts is assumed; for the complete 
novice it is recommended to begin with an introductory book before reading this 
Appendix.  GIS Concepts and ArcView Methods by Theobald (2000), or Getting to 
Know ArcView GIS by ESRI (1999) are both excellent texts for learning the basics.  For 
people interested in learning more about the Spatial Analyst and 3D Analyst extensions 
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(both of which were used extensively in this research), Extending ArcView GIS by 
Ormsby and Alvi (1999) is an invaluable resource. 
 
A.2 Basic GIS techniques 
 The first step in assembling your data is to get it to display correctly, and to make 
your different data sources show up together.  When you create a new view, be sure to set 
the map units correctly (preferably before you add any data) by selecting Properties under 
the View menu.  The most commonly used units are meters (e.g. for Universal 
Transverse Mercator UTM), feet (e.g. for DFW’s custom projection), and decimal 
degrees (for when your data is in terms of latitude and longitude).  One of the first steps 
in this research was to create a different view for each of the different projections that the 
various data was in (UTM, DFW’s projection, and decimal degrees).  Setting the view 
units affects measurements, reprojection of your data, and more, so it is crucial to get it 
right up front. 
 The bulk of the data available for this research was in NAD83 – UTM Zone 14, 
meters.  Data in decimal degrees included the GAP data, lakes, streams, landfills, and 
county boundaries.  All of DFW’s GIS data (such as their grid, AOA fence, land use, 
high quality airphotos, etc.) was in their custom projection (Lambert Conformal Conic, 
GRS 80 spheroid, central meridian = -98.5, reference latitude = 31.6666666667, standard 
parallel 1 = 32.1333333333, standard parallel 2 = 33.9666666667, false easting = -31150, 
false northing = 562715, view units were feet). 
 All data in coordinate systems other than UTM were projected into UTM so that it 
would all display together.  To reproject the data, the “Projector!” extension that comes 
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with ArcView was used.  To turn it on, select “Extensions” from the File menu, then 
make sure the box next to Projector! is checked.  Loading the extension creates a new 
button:  which is used to launce the reprojection program.  Again, before reprojecting 
data it is important that the map units are set correctly (see above).  Make the theme you 
wish to reproject active (by clicking on the theme’s name) and a border will appear 
around the theme.  Click on the  button and input the current projection of the theme 
(note that if the data is in decimal degrees it skips this step as long as the map units are 
set correctly); most commonly used projections are in the standard list.  Next, put in the 
output map units and projection and give the reprojected file a name.  It is helpful to 
include the projection name in the new file (e.g. when GAP data was converted from 
decimal degrees, the new file name would have “utm” in it). 
 Another important consideration when displaying data is modifying the legend.  
For example, when the GAP data (which came by county) was first loaded, it looked 
almost solid black, because every pixel had a black outline around it.  Since outlines by 
default have a constant width at all scales, the data looked fine when zoomed in, but was 
difficult to interpret at broad scales.  To remove the outlines, first open the legend editor 
by double clicking on the theme name.  Next, double-click on the colored box in the 
legend editor to open the fill palette and set outline to “none.”  To make modifications for 
all of the values in the legend, open the legend editor, click on the first value, then while 
holding the shift key click on the last value (this selects all values).  Release shift, hold 
down control, and double click on one of the values.  This will allow you to modify 
things like outlines, size, etc. without having to modify each value individually.  For 
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some data sources (like the grid and county boundaries) it is useful to set the fill palette to 
empty (so that only the outline is visible and underlying data shows through). 
 Another trick that is sometimes useful is making a line display with a width of a 
set distance (rather than being the same width at all scales).  For example, when plotting 
flights paths one can make them the width of a runway.  First calculate the appropriate 
scale factor; it will be equal to (target width)* 2834.646.  Next, open the legend editor for 
a line theme, and click advanced.  Check the box next to “scale symbols”, and set 
reference scale to the value you calculated.  Finally, make all lines 1-point thickness (set 
size to 1 under pen palette). 
 There are several extensions that add functionality to ArcView; many of them 
come with the program, others are available for download from ESRI’s web site.  When 
you download a new extension, it should be unzipped into the following directory: 
C:\ESRI\AV_GIS30\ARCVIEW\EXT32.  To load an extension from ArcView (whether 
it is new or not) go to the File menu, select Extensions, and check the box next to the 
extension or extensions you want to load.  Often new buttons or menu choices will 
appear.  You can make an extension open by default, which means that all new projects 
will have the extension loaded.  However, be aware that when your project has custom 
extensions loaded, other users opening your project on a different machine without those 
extensions will get an error message (they can still open the project, but it may be 
confusing). 
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A.3 Creating and Editing Data in GIS 
 In order to analyze habitat data within 25 miles of the airport, it was necessary to 
use data from seven counties.  To get ArcView to treat the seven counties of GAP data as 
a single file (rather than seven distinct ones), they were merged using the “Merge themes 
together” command.  This command is found within the GeoProcessing Wizard (under 
the View menu), which is another extension that ArcView comes with.  Select which files 
you want to merge together (they have to already be loaded into the View) and what you 
want to call the output file. 
 This 7-county GAP theme, and some of the other themes that were statewide, 
were clipped to a 25-mile radius around the airport in order to reduce processing time and 
the size of the files.  For example, while GAP data for the 7 counties that were at least 
partially within 25 miles of the airport took up 110 MB of space, the clipped file was only 
39.9 MB.  Even displaying the entire seven-county area would take some time, any actual 
analysis was extremely slow.  By clipping the data early on, analysis (e.g. to see what 
proportion of the area was in each habitat type) took much less processing time than it 
would have for the original files. 
 To clip data to a given radius, a point was first created at the center of the airport.  
To do this, select “New Theme” under the View menu, and choose “point” for feature 
type.  Next a new polygon theme would be created using the same process as the point, 
except for selecting “polygon.”  A circle of the appropriate radius centered on the point 
was then drawn in the new theme; this can be done by hand, when you are resizing the 
circle ArcView tells you the radius so you know when to stop.  Once the new theme had 
a circle of the right radius, the GeoProcessing Wizard was used again (the “Clip one 
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theme based on another” option.  The large file to be clipped was the “input file,” and the 
circular theme was the “polygon overlay theme”.  Please note that since all projections 
involve different types of distortion, if you want a circular shape you should draw the 
circle in the final projection.  Drawing it in the original projection and reprojecting it will 
result in an ellipse in most cases. 
 During the collection of ground-based habitat data, a handheld Garmin GPS III 
Plus receiver was used to record each location visited.  There is an extension called 
DNRGarmin written by the Minnesota Department of Natural Resources that is designed 
to import Garmin GPS data directly into ArcView (the extension is available at ESRI’s 
web site).  However, for other GPS data the process for bringing it into ArcView is still 
fairly simple.  First get the data into a table, and be sure to name the fields (such as 
“Latitude”, “Longitude”, date, etc.).  Save the table as a dbf file, and bring it into 
ArcView through the Tables section in the project window.  Assuming that your GPS 
stores location in terms of latitude and longitude, you will want to create a blank view 
and set the map units to decimal degrees.  From this view, use the “Add Event Theme” 
command in the View menu.  This will ask you to specify a table, x and y fields (in this 
case longitude and latitude respectively), and then display it. 
 If you have data in coordinates other than decimal degrees, the process is the 
same, just be sure you add it to a view with the correct units set.  Once the data has been 
added as an event theme, you will probably want to convert it to a shapefile; an “event 
theme” is displayed based on the location given in the table, while a shapefile has 
locational data stored permanently and independently and can be manipulated more 
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readily.  Be sure to give the shapefile a name other than the name of the source dbf file or 
you will get an error caused by the source file being overwritten during the conversion. 
 Conversely, if you have an existing shapefile that you want to have coordinates 
for in a table, you can use a script called addxycoo.ave (also available on ESRI’s web 
site).  This script adds the coordinates to the theme table (for polygon themes it records 
the coordinates for the center of the theme, for points it records the actual coordinates of 
each point).  To use a custom script such as this, first download the script, extract the file 
to: C:\ESRI\AV_GIS30\ARCVIEW\Samples\scripts (they can go anywhere you like but 
this is where ESRI’s default scripts are stored), then from the project menu select Scripts 
and hit the “New” button.  Go to the "Script" menu and select “Load Text File.”  Go to 
the folder where you saved the script, select the file and it will open.  Hit the checkmark 
in the toolbar to compile it.  Then, leave the script open and go to "Views" in the project 
menu and open the View you want to run the script in.  For addxycoo.ave you also need 
to make the theme of interest active.  Go to the "Window" Menu, select your script, and 
hit the button of the person running (next to the checkmark) and it should work.  In the 
case of addxycoo.ave, running the script will add x-coordinate and y-coordinate fields to 
the table, in the same units as the projection of that theme. 
 The default precision for the display of coordinates in ArcView is two decimal 
places; for decimal degrees this is insufficient (since very small differences in the 
numbers equate to large distances on the ground).  A simple script to alter the precision 
of the coordinates is as follows (this can just be typed into a new script, and then run as 
described above): 
theView = av.GetActiveDoc 
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theView.SetCoordinatePrecision (2) 
Just replace the number in parentheses with how many decimal places you want 
displayed, and the last active view will have a change in precision. 
 Going back to the question of the ground-based habitat survey, it was helpful to 
be able to compare photographs taken on the ground with the relatively low-quality aerial 
photographs that were available.  For this application, the “hot link” function works 
perfectly.  It allows a file (such as a picture or document) to be linked to from the map 
window.  Since pictures were taken at several borders between land cover types, it was 
important to indicate the direction of each photo.  This was accomplished by creating a 
shapefile with one point for each photo; a photo taken facing north was represented by a 
point that was located just north of the GPS point.  Next all my image files were 
converted to bitmap (bmp) format from jpg’s, since the hot link function does not work 
with jpg’s.  In the table for the photo shapefile, a field was created where for each point 
the address of each photo on the computer was entered (e.g. 
C:\DFWfiles\Vegetation\Day1pics\P7130013.bmp).  Finally, under Properties in the 
Theme menu, the hot link properties were set.  “Field” is the name of the field with the 
photo’s address, and “predefined action” in this case was “link to image file.”  Once this 
process was finished, the photos could be viewed by clicking on the “hot link” symbol: 
 and then clicking on the point of interest (see Figure 26 for an example). 
 For the preliminary hazard assessment described in Chapter 3, where a “hazard 
surface” based on the GAP data was generated, the GIS component was fairly simple.  
Once the appropriate color scheme to use for each layer (abundance and risk) was 
calculated, the same 25-mile radius GAP file was used with a different legend for each 
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map.  This worked because the underlying data (the land cover type) was the same for all 
maps, only the value attached to each habitat type changed.  Since the display does not 
actually modify the underlying data in any way, the same data could be used to produce 
Figures 35 through 41. 
 When calculating the hazard of each segment of a flight path, the “Clip one theme 
based on another” command in the Geoprocessing wizard was used to clip the GAP data 
to the flight path line.  As mentioned in the text, “PolylineTheme.CalculateLength” was 
used to determine the length of each habitat type that the flight path flew over.  The 
process for running this script was the same as for the other scripts mentioned above; the 
script was opened and compiled, the flight path shapefile was made active, and the script 
was run. 
 
A.4 Wildlife Data Incorporation 
 Bringing strike or wildlife patrol report records into GIS was significantly more 
complex than the processes described thus far.  While the basic process of adding data 
from a table, with its location in one of the fields is very simple (see the section on 
adding event themes above), the problem is that the tables have their location stored as a 
grid name (e.g. S-30, FF-23, etc.).  The first step in getting this data to display in the GIS 
was to calculate the coordinates that correspond to the center of each grid.  Since points 
were used to represent the records, and there was no information about where within the 
grid each record was located, the center of each grid was used for display purposes. 
 Since the wildlife records were to be plotted in UTM, a version of the DFW grid 
that had been reprojected into UTM was used to get the coordinates.  At the time, a fairly 
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tedious method was used to get the coordinates with the help of an undergraduate 
assistant.  Essentially, he would zoom to the very center of a grid in ArcView, put the 
cursor in the center, and record the coordinates in a spreadsheet.  Since there are 2,332 
grids, he only measured the corners of the grid and about 50 other grids throughout.  An 
equation was then developed to predict the coordinates for the centers of the grids that 
were not directly measured, and the results for several grids estimated in this fashion 
were verified.  However, a much faster and more accurate method would have been to 
use the “addxycoo” script described above, which adds coordinates for each grid to the 
theme table.  This method would take only a few minutes instead of several hours, and 
would be slightly more precise. 
 Once coordinates had been determined for the center of each grid, the grid names 
were transformed into coordinates using a program called SPSS.  The table with grid 
names in one column and one of the coordinates (either x or y) in the other was edited 
with a combination of Excel and notepad to get each record into the following format: ('A-
1'=676636.08583) 
Once all records were in that format, a SPSS script was created that looked like this: 
RECODE 
Grid 
('A-1'=676636.08583) 
('A-2'=676640.42314) 
... 
('RR-53'=689967.95484) 
INTO xcoord . 
EXECUTE . 
 
The “…” indicates all the other grid coordinates from A-3 to RR-52, “grid” was the name 
of the field the grid names were in, and “xcoord” was the name of the new field being 
created in SPSS with the x-coordinate.  This process was then repeated for the y-
coordinate, and a second script was created. 
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 In order to use the scripts, the Excel worksheets were first imported into SPSS.  
Next it was verified that the script and the data had the same field names, and that the 
grid names were in the same format (some of the data sources had grid in a field called 
“grid_code”, and had no dash in the grid name).  Once everything was in order, both 
scripts were run (one at a time) on the SPSS data, and the file was saved back to Excel.  
From there the Excel file was ready to export to ArcView.  When exporting the Excel file 
to dbf format, cells were sometimes truncated to about 11 characters.  To avoid this 
problem, the Excel files were saved in txt format, and the extension was manually 
changed from txt to dbf.  Once a dbf file had been created it could be brought into 
ArcView through the Add Event Theme command described above, and then converted 
into a shapefile. 
 In addition to bringing in all of the records, it was important to have themes that 
summarized the data, both by number of records per grid (or runway) and by number of 
animals per grid (or runway).  To do this for records by grid, SPSS’ frequency function 
was used to calculate how many records (or birds) there were for each grid.  The output 
file was exported to text, which was then opened in Excel.  With a bit of editing in Excel, 
the format would be changed so that the first column had the grid name, and the second 
column had the value (number of records or birds). This file was then brought back into 
SPSS, the scripts that assign coordinates based on grid were run, and the result were 
saved as a dbf.  This could then be brought into ArcView as an event theme. 
 For the strike records that were only identified to runway, it made more sense to 
use a line theme rather than a point theme, so the technique described above was 
inappropriate.  Since it was desirable to draw the runway lines precisely, rather than 
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doing it by hand an existing theme was modified that already had all of the runways and 
taxiways (airfield_centerlines.shp).  The file was copied, renamed as “runways,” and 
opened in ArcView.  All lines other than the runways were manually deleted, and the file 
was resaved.  This basic theme was then used as a template for all of the summaries by 
runway.  For each new summary theme, the basic runway theme was copied and 
renamed, then the values in the ArcView table were changed.  In order to calculate the 
correct values for each summary theme SPSS was used, but since there were only seven 
runways the results were manually entered rather than exporting the output. 
 While the legend assigns a color for each runway based on the range of values it 
falls within, it is helpful to be able to see the actual values themselves.  This is made 
possible through the Auto-label function (in the Theme menu).  To use it, select the 
theme you want to label, hit Ctrl+L for autolabel, select the field of interest, and click on 
“Use theme’s text label placement property.”  The labels appear with the orientation that 
ArcView thinks is the best match for the data.  To remove odd rotations, go to Edit menu 
 Select all graphics, then Graphics menu  Properties and change rotation angle to 0.  
To change font, color, and size of the text, make all autolabels you want to edit visible, 
selecting all graphics again if you just made new labels visible.  Then use 
WindowShow symbol window, and you can edit the text display properties.  If 
changing color, be sure to select “text” from the drop-down menu.  18-pt white font 
displayed well for the files used in this research. 
 While the strike data and wildlife patrol report data were entered in the current 
grid system, the quarterly survey data was entered in the old system.  To correct this, 
another SPSS script was written.  It used essentially the same format as the ones used to 
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assign coordinates, but instead simply assigned the new grid name (which was two letters 
and one number higher than the original).  These new grid names were then used to add x 
and y coordinates, using the same process as the strikes and patrol reports. 
 To create a “risk surface” from the summary data (whether in points or in lines), 
the “Create TIN from Features” command in the Surface menu was used.  This allows a 
Triangulated Irregular Network (a 3D representation of a surface which is comprised of 
several triangles) to be created which assigns a height value for the surface based on an 
attribute (in this case, the # of records or wildlife).  For some files the differences in the 
values were small, so another field was first created in the ArcView table called “height.”  
This new field was equal to 10 times the actual value field, which simply made the 
differences stand out more.  To clip the surface to only the runways for the strike data, a 
polygon theme was drawn over the runways (this theme had both height and width, as 
opposed to the line theme created earlier) and the GeoProcessing Wizard was used to clip 
the TIN to this theme. 
 When comparing something like one of the risk surfaces to an aerial photograph, 
it is extremely useful to be able to make one of the themes transparent.  While this is 
difficult to do in a normal ArcView View (it requires you to load a custom fill pattern, 
and to apply it correctly), it can be easily done in a 3D scene.  Simply open the relevant 
themes in a 3D scene, make the theme that you want to make transparent active, and 
select “3D Properties” from the Theme menu (not Properties from the 3D scene menu, 
which is different).  Click on the Advanced button and you can set the themes 
transparency from 0 to 100%. 
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A.5 Support for Placement of “Bird Radar” 
 To calculate the viewsheds, the first step was to choose the points to evaluate.  
This was accomplished by picking points that were at elevational peaks.  Unfortunately, 
information on the heights of the buildings was unavailable so they were not considered 
in the viewshed analysis.  For each point evaluated, a new point shapefile was created 
(View menuNew Theme) in a View that already had the elevation TIN loaded.  Both 
the point being evaluated and the elevation theme were made active (by holding down 
shift and clicking them both), and the Calculate Viewshed command in the Surface menu 
was used to actually create the viewshed. 
 Initially the “output grid extent” was set to “same as Elevation” (which makes the 
viewshed as large as the elevation TIN), but since this took a very long time “same as 
display” was used instead with the display zoomed in closer to the airport.  This was done 
because it was initially thought that the radar was to be used to monitor birds flying over 
the airport itself, rather than the flight paths around the airport.  While this turned out not 
to be the case, the method of calculating viewsheds remains valid.  The finished product 
is a grid file, which is a type of raster data which can be displayed based on its attributes 
like feature data.  To calculate the combined viewshed from two radar locations both 
point files were made active and the instructions above followed. 
 The creation of a cone showing the volume scanned by the bird radar is a function 
that ArcView does not readily support.  Since it is designed for geographic data, it does 
not support the creation of 3D solids or shells; a TIN file cannot have two height values 
for a single x,y point.  As a result, the method developed to create them is somewhat 
complex.  However, since this thesis was officially deposited, I have written two 
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extensions to automate the process (Cone Builder and Glide Slope Builder), available at 
www.esri.com.  These extensions have their own instructions; this document is a 
description of the original process used.  The original approach used an Excel spreadsheet 
to calculate x, y, and height coordinates for the origin of the radar, as well as along the 
ellipse at the end of the radar coverage.  It is designed to be as flexible as possible; the 
input variables are azimuth (compass direction that the radar is facing), azimuthal scan 
angle (the total angle that it scans horizontally), vertical scan angle, scan range, and x/y/z 
coordinates of the radar unit itself.  While the cones generated are intended as 
approximations, the spreadsheet also has a sheet which accounts for the beam width of 
the radar by generating two separate cones (inner and outer).  The purpose of this is to 
show the resolution of the radar at its outer extent, and requires the additional input of 
beam width in degrees. 
 Since the spreadsheets make all calculations in UTM coordinates, the results can 
be directly brought into ArcView.  The first step is to set all inputs on the spreadsheet 
correctly (all inputs are in bold).  There is a sheet labeled “display” which shows to 
azimuthal and vertical “footprint” of the radar coverage as defined by the inputs, which 
allows some visualization before the data is brought into GIS.  If you do not know the 
coordinates of where you want to put the radar, locate the area in ArcView, and read the 
x and y coordinates near the top right of the screen (you will want to zoom in pretty tight 
to get an accurate reading).  Next, copy the x, y, and height results (plus the cells at the 
top that say x, y, and height) into a new blank worksheet (using the Paste SpecialPaste 
Values command), and save this sheet as a dbf file (note: be sure to use a slightly 
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different name for the dbf than you want your final shapefile to have or you will have 
problems later). 
 In ArcView, go to the Tables section in the project window, and add the new dbf 
file you created as a table.  To display it, go to a View that you want to display the cone 
in, and use the “Add Event Theme” command in the View menu.  Select your new dbf 
file as the table, “x” as the x-coordinate, and “y” as the y-coordinate.  The event theme 
will be added to the view; make it active by clicking on it and use the “Convert to 3D 
shapefile command” under the Theme menu.  When it asks you where to get z values 
from, select “Attribute”, hit OK, and then select “height” as the field to get z values from.  
Then give the new shapefile a name (again, do not use the same name as your original 
dbf file or it will not work) and it will be added to your view. 
 You now have a 3D outline of the area that the radar scans, but to get the outline 
to be a solid surface instead of points, you want to convert your shapefile to a TIN.   First 
make your shapefile active by clicking on it, then use the “Create TIN from features” 
command under the Surface menu.  When the Create New TIN Window pops up, for 
Height Source select “height”.  Leave the other fields to their default values, and hit OK.  
Enter a name for the new TIN file and it should be displayed from overhead in your 
View.  Note that if you want to see the pair of cones that demonstrates beam width the 
process is identical, but must be done for each set of coordinates. 
 To view the file in 3D, select a 3D scene you want to view the file in (or create a 
new one) and add the TIN.  Please note that if you want to display the cone on top of 
actual elevation data (the elevation TIN of the DFW area), there is one more step.  Since 
the cone assumes that the ground is at height 0, while DFW’s elevation is actually more 
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in the range of 150m above sea level, you need a vertical offset.  The best way to 
determine this is to use the identify tool (the black i) while the ground elevation theme is 
active to find the ground elevation at the radar’s location.  Next, make the cone theme 
active, and select “3D Properties” under the Theme menu.  Change the value of “Offset 
heights by Value or Expression” to this elevation value.  For example, for the site used as 
a first guess at DFW (subgrid Z17K) the elevation offset was 165.  Be sure to leave the z-
factor at 1, and that under 3D scene properties you leave the vertical exaggeration factor 
to “none” so that the cone will remain to scale. 
 To evaluate different x/y locations for a cone with otherwise identical 
characteristics, there is a simpler alternative to generating each set of coordinates from 
the spreadsheet.  To shift a cone from its initial location by a known distance, the 
simplest method is to use the “View.ShiftFeatures” script written by ESRI.  To use this 
script (once it has been downloaded, added to the project, and compiled) make the 
shapefile you wish to move active, and run the script.  It will ask for an x and y offset (in 
the units of your data, e.g. meters) and then generate a new shapefile offset by that 
amount.  A new TIN can then be generated from the moved shapefile.  There is currently 
no script or extension available to move a TIN file directly, but it is still simpler to move 
the shapefile than to have to use the spreadsheet for each location. 
 The generation of a cone that shows the glide slope is slightly more difficult, 
since it has both a top and bottom.  Since a single TIN cannot have two height values for 
the same x,y location, two separate TINs are generated to show the top and bottom halves 
of the glide slope coverage (which need to be brought into ArcView one at a time).  The 
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Excel worksheet used to generate the coordinates is very similar to the one used for the 
bird radar, but with a few key differences. 
 The inputs on the sheet “Master(GS)” are designed to utilize the data that is 
available on an approach plate: azimuth (direction the glide slope faces), beam width of 
the glide slope, beam height of the glide slope, distance to a known point (this is the 
distance on the ground to the middle marker, or some other point where the height of the 
center of the glide slope beam is known), height of known point (this is the height of the 
center of the glide slope beam at the known point), height of end of beam (on the 
approach plate used, the glide slope extends beyond the last known point, inputting this 
height extends the cone to the correct length), and x/y/height coordinates of the glide 
slope origin (in UTM).  If height coordinates in terms of above sea level are desired 
(instead of above ground level), the height coordinate should be the elevation at that point 
plus the height of the radar above the ground.  Note that the “distance to known point” 
and “height of known point” are simply used to calculate the vertical angle of the glide 
slope, which was unavailable on the approach plate used. 
 The final two sheets are simply the 2 sets of output.  To start the process of 
bringing the data into ArcView, simply save each of these sheets (TopHalf and 
BottomHalf) as DBF files.  Despite the fact that they are based on formulas they save 
correctly as values.  Once you have these dbf files, the process for making a TIN from 
each half of the cone is identical to the process for the bird radar cones. 
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APPENDIX B AND ANIMATIONS 
Appendix B: Autecology matrix for birds common in the area surrounding DFW airport. 
Animation 1: Shows “hotlink” feature where ground photos pop up for area shown in 
Figure 26. 
Animation 2: BAM risk layer changing from January to December. 
Animation 3: Demonstration of how the PDA form for wildlife reporting would work. 
Animation 4: Strike record retrieval (ID feature pulling up records for a given grid). 
Animation 5: 3D manipulation of strike hazard surface. 
Animation 6: Bird strikes by month (JanuaryDecember). 
Animation 7: 3D manipulation of wildlife patrol report surface. 
Animation 8: 3D manipulation of Figure 114 (viewshed from two radar locations, 
overlain onto topography). 
Animation 9: 3D manipulation of cones of scanned volume for bird radar. 
Animation 10: 3D manipulation of glide slope. 
